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Editorial 


Maurice B. Strauss, M.D. 
Boston, Mass. 


he term urinary suppression has an 

old-fashioned ring. Today, terms more 
indicative of scientific erudition have suc- 
ceeded one another—hemoglobinuric neph- 
rosis, lower nephron nephrosis, acute tubu- 
lar necrosis, acute renal failure, and the 
like—regardless of whether they possess 
anatomic or physiologic validity. We have 
used the term acute suppression of urine 
as a title not only because scanty or no 
urine is the essence of our subject matter 
but also because this is the observed clinical 
phenomenon. 

Urinary suppression does not imply renal 
disease. It can occur in the presence of 
entirely normal kidneys if the renal blood 
flow is sufficiently reduced or if the outflow 
of urine is obstructed. In either situation— 
inadequate inflow of blood or inadequate 
outflow of urine—prompt recognition and 
appropriate treatment not only cures the 
urinary suppression but prevents the renal 
damage which is so prone to follow pro- 
longed renal ischemia or obstruction of the 
urinary tract. 

Although circulatory collapse (shock) is 
the most common cause of renal ischemia, 
it must be remembered that the systemic 
arterial pressure need not be excessively 
low. Renal vasoconstriction may virtually 
deprive the kidneys of blood and yet, by 
diverting the usually large proportion of 
cardiac output from the kidneys, serve 
to sustain the circulation elsewhere. 

Obstruction at the neck of the bladder 
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or below is easily recognized. Not s0, 
however, that which simultaneously, or 
more often successively, blocks first one 
and then the other ureter. Unless the cause 
of urinary suppression is crystal clear, 
ureteral catheterization to establish pa- 
tency is obligatory. 

The intrarenal causes of acute urinary 
suppression cannot be cured, for the most 
part, by the active intervention of the 
physician, as can those causes due to 
impaired inflow or outflow. However, the 
majority of lesions are reversible if the 
patient can be kept alive and in a reason- 
able state of health for a long enough 
time. Since irreversibility is rarely pre- 
dictable, a hopeful attitude is always in 
order. 

Little is to be gained by listing the in- 
numerable causes of intrinsic acute renal 
failure save to note that specific measures 
as well as general ones may be indicated. 
In acute poststreptococcal glomeruloneph- 
ritis, penicillin therapy may be in order. 
Although probably too late to be of much 
usefulness once urinary suppression from 
mercury poisoning has occurred, dimerc- 
aprol (BAL) should be employed. In 
pyelonephritis, and particularly that vari- 
ety known as acute papillary necrosis, the 
offending organism must be isolated, ap- 
propriate antibacterial therapy instituted, 
and the precipitating urinary tract ob- 
struction and/or diabetes treated. It is, of 
course, paramount that every endeavor be 
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made to prevent circulatory collapse and to 
combat it vigorously once it has occurred. 

Although renal ischemia or nephrotoxins 
probably account for the majority of cases 
of intrinsic acute renal failure, the fact 
remains that in about one third of the 
cases no single cause can be determined 
with assurance. Nor do we know why one 
individual may suffer from severe oligemic 
shock with no subsequent renal damage, 
whereas another person whose hypotension 
has been of minimal severity and duration 
develops renal failure. 

Once it has been ascertained that the 
urinary suppression cannot be cured by 
improving the circulation or removing an 
obstruction, the problem then is that of 
combating the physiologic consequences 
of renal failure which result largely from 
the loss of two important renal functions: 
the function of maintaining a relatively 
constant volume and electrolyte composi- 
tion of the extracellular fluid, and the 
function of removing certain products of 
catabolism which are no longer required by 
the body. In acute renal failure these tasks 
devolve upon the physician. The first of 
these presents no difficulty. By assiduous 
control of what is allowed to enter the 
body the volume of the extracellular fluid 
may be maintained constant and its com- 
position stable save for the accumulation 
of the products of catabolism. The intake 
of water should equal the measured losses 
through any channels plus the difference 
between insensible loss and insensible gain. 
The former, for a 70-kilogram adult, rest- 
ing, afebrile in a temperate environment, 
is about 800 ml. evaporated from skin and 
lungs. The latter amounts to about 400 
ml. derived from catabolism and preformed 
cell water. Thus, the daily water require- 
ment is the measured loss plus about 400 
ml. Since the estimate of insensible loss 
and gain is at best an approximation, the 
most satisfactory guide of water balance 
is careful daily weighing of the patient. A 
daily loss of 200 to 300 Gm. (from the 
catabolism of body tissue) is indicative 
of a reasonably satisfactory fluid balance. 
The severely oliguric or anuric patient will 
obviously lose no appreciable sodium in 
urine. However, extrarenal losses—emesis, 
diarrhea, drainage—should be replaced 
quantitatively. 
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Since the end products of fat and carbo- 
hydrate metabolism consist chiefly of car- 
bon dioxide and water in amounts readily 
disposed of by the lungs, it is largely prod- 
ucts of protein metabolism—sulfate, phos- 
phate, hydrogen ion, potassium, mag- 
nesium, and nitrogenous moieties—which 
accumulate during urinary suppression, 
and which can be minimized by reducing 
protein catabolism to as low a level as 
possible. Although acidosis is to be ex- 
pected as a chemical finding in acute renal 
failure, it seldom presents clinical manifes- 
tations. Similarly, the hypocalcemia which 
accompanies the rising levels of serum 
phosphate rarely leads to tetany, nor does 
elevation of serum magnesium often present 
a clinical problem. 

The accumulation of potassium in the 
extracellular fluid, however, constitutes 
a real problem, since fatal cardiac arrhyth- 
mias result from sufficient elevation of 
the concentration of potassium in the 
serum. For readers of this Journal it is 
unnecessary to detail the sequence of elec- 
trocardiographic changes which ensue as 
the concentration of potassium in the ex- 
tracellular fluid rises, nor to emphasize 
that the electrocardiogram, rather than 
the actual level of potassium, serves as the 
best indicator of impending catastrophe. 

Of the nitrogenous moieties of protein 
catabolism, urea constitutes the quantita- 
tively largest fraction. However, there is 
little evidence that urea at the highest 
concentrations encountered clinically is 
directly responsible for any symptoms in 
man,! and, in fact, it is stated that patients 
show clinical improvement after dialyses 
against a urea content of the bath which 
is sufficiently high to prevent lowering of 
their blood urea concentration.’ 

Although urea itself appears to be non- 
toxic, when its concentration in the serum 
rises, there is a similar elevation in its 
concentration within the lumen of the 
gastrointestinal tract, where there are 
enzymes capable of forming ammonia from 
urea. A local irritant effect of this ammonia 
has been held responsible for the anorexia, 
nausea, and emesis which may be encoun- 
tered in uremia,! and a systemic effect 
appears implicated in patients with azo- 
temia and liver disease who apparently can- 
not readily reconvert ammonia formed thus 
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in the gastrointestinal tract to urea, and 
who may develop confusion and coma as- 
sociated with an elevated concentration of 
ammonia in the blood.* It should also be 
mentioned that the bacteria in the gas- 
trointestinal tract are capable of forming 
free phenolic derivatives* from the aro- 
matic amino acids—tyrosine, phenylala- 
nine, and tryptophane—which may ad- 
versely affect the nervous system. Blood 
guanidine (and derivatives) become ele- 
vated in renal failure. In dogs, injections 
of guanidine cause gastrointestinal dis- 
orders and muscular twitching.’ However, 
the amounts used experimentally were far 
above any ever encountered in terminal 
uremia in man. Although high concentra- 
tions of both creatinine and urate are 
encountered, there is no evidence that they 
lead to the production of symptoms. Other 
nitrogenous moieties which result from 
protein catabolism or gastrointestinal bac- 
terial degradation of nitrogenous sub- 
stances have not been sufficiently studied 
to warrant discussion. 

The desired diminution in protein catab- 
olism is accomplished in two ways: no 
exogenous protein is administered; endog- 
enous catabolism is reduced by affording 
a constant supply of glucose and by main- 
taining complete rest. The regimen then 
for the management of the patient with 
uncomplicated acute renal failure is most 
simple: (1) complete rest; (2) water in an 
amount so that body weight decreases 
daily by about 200 or 300 grams; (3) dex- 
trose in a minimal amount of 100 Gm. 
daily, given in divided doses throughout 
the 24 hours; (4) sodium given only to re- 
place losses; (5) avoidance of any other 
intake, and particular caution in the ad- 
ministration of medications, including anti- 
biotics, which are usually eliminated in 
the urine, and which may accumulate in 
the patient with oliguria. 

With such a regimen, the patient with 
uncomplicated renal failure rarely presents 
any but minor manifestations of ‘‘uremia’”’ 
despite elevation of the serum nonprotein 
nitrogen to 200 to 300 mg./100 ml., and 
the onset of diuresis is seldom delayed 
beyond 10 days if the intrinsic renal lesion 
is due to a nephrotoxin. I have seen such 
cases due to ingestion of mercuric chloride, 
inhalation of carbon tetrachloride, sensi- 
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tivity to sulfonamides, and the ingestion 
of unknown nephrotoxins. The mortality 
in such uncomplicated acute renal failure is 
virtually nil—but, unfortunately, the num- 
ber of such uncomplicated cases is also 
small. The would-be suicide is prone to 
ingest sufficient mercuric chloride so that 
severe hemorrhagic enterocolitis results, 
and the victim of carbon tetrachloride has 
often ingested or inhaled an amount that 
destroys his liver long before urinary sup- 
pression becomes a limiting factor for 
his existence. By and large, acute renal 
failure occurs in the setting of antecedent 
disease, major surgical or accidental 
trauma, or combinations of these. Thus, 
of 100 cases analyzed by Bluemle, Webster 
and Elkinton® (75 of these patients were 
sent to the Hospital of the University of 
Pennsylvania after an average period of 
oliguria of 1 week), only 9 were due to 
nephrotoxins. Four of these cases were 
uncomplicated and the patients survived. 
Three of the deaths after inhalation of 
carbon tetrachloride were ascribed to 
hepatic necrosis, and the 2 deaths after 
mercury poisoning resulted from infection 
secondary to the gastrointestinal lesion 
rather than to the renal disorder. Of 38 
cases which developed after operation or 
other trauma, death ensued in 28. 

Similar data may be noted in the report 
of Shackman, Milne and Struthers’ of 
patients transferred to the Hammersmith 
Hospital in London for treatment of acute 
renal failure. Death occurred in 42 of 50 
“surgical” cases and in 22 of 29 cases of 
post-traumatic oliguric renal failure. 

Teschan and his associates, of the Renal 
Branch of the U.S. Army Surgical Research 
Unit at Fort Sam Houston, Texas,® report 
160 fatalities in 242 ‘‘post-traumatic’”’ cases 
(both surgical and accidental trauma are 
included) collected by the Study Group 
on Acute Renal Failure. The source of 
the patients is not given, but presumably 
many were transferred from local hospitals 
to renal centers. 

Frightening as the above figures are, 
it must be borne in mind that they have 
been collected from renal units and for 
the most part represent referred cases, 
patients who were considered by the orig- 
inating institution as likely to require 
specialized treatment. No doubt, many 
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patients with milder and briefer episodes 
of urinary suppression were treated and 
recovered at the local level of hospitaliza- 
tion. Over the past 9 years, during which 
approximately 18,000 major surgical opera- 
tions have been performed in my hospital, 
there has been only one case of acute tubu- 
lar necrosis consequent to such operation 
in which the renal lesion was the important 
contributory cause of death—death on the 
seventh day due to pulmonary edema from 
fluid overloading. 

This is not intended to minimize the 
alarming mortality encountered among 
patients with severe post-traumatic or 
postsurgical acute renal failure, such as 
are admitted to specialized renal centers. 
This mortality is found despite rather free 
use of external dialysis employed to correct 
electrolyte abnormalities or clinical mani- 
festations associated with the ‘‘uremic’’ 
state, and appears to be associated with 
poor wound healing and sepsis. Teschan 
and his associates® particularly note that 
these ‘‘complications’’ are conspicuous 
in the patients who develop oliguric renal 
failure but relatively rare in patients sub- 
jected to similar surgical or accidental 
trauma who do not develop urinary supres- 
sion. They believe that these may not be 
“complications” at all but rather manifesta- 
tions of the damaging influence of the 
‘uremic state’ on recuperative or homeo- 
static processes and physiologic defense 
mechanisms. 

I cannot comment on the phenomenon 
of poor wound healing, since I have not 
seen severe postsurgical or traumatic cases. 
In the nephrotoxic group, I have not been 
impressed with any undue susceptibility 
to infection other than might be expected, 
particularly where there has been instru- 
mentation of the urinary tract. Further- 
more, | am not aware of an undue prev- 
alence of infection in patients who are 
suffering from chronic uremia, despite the 
fact that these individuals are anemic, 
often are undernourished because of ano- 
rexia and vomiting, frequently suffer from 
chronic acidosis, and may exhibit a ten- 
dency to bleed, nor am I aware of reports 
of undue susceptibility to infection. In a 
recent study of terminal pneumonia con- 
tributory to the death of the patient, 
Kneeland and Price® found no higher inci- 
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dence in renal disease than in malignancy, 
brain disease, or congestive heart failure. 

Nonetheless, the mortality in the post- 
surgical and traumatic cases of severe 
oliguric renal failure is such that Teschan’s 
suggestion of “prophylactic” dialysis to 
prevent the ‘‘uremic’’ state deserves care- 
ful consideration. Whether this procedure 
will be of value cannot be determined a 
priori on theoretical grounds. Only a care- 
fully controlled clinical appraisal will furn- 
ish the desired information. In the mean- 
time, dialytic treatment seems to be indi- 
cated for patients who fall in one of two 
groups. 

The first group includes those whose 
level of serum potassium and electrocardio- 
gram suggest that a serious arrhythmia is 
in the immediate offing. The indication 
for dialysis (in order to lower serum potas- 
sium) in this group seems absolute. Tem- 
porary measures, such as the intravenous 
infusion of dextrose and insulin or the 
administration of sodium bicarbonate, 
should be employed to lower serum potas- 
sium in situations in which a life-threat- 
ening arrhythmia seems imminent, only 
until some other means of eliminating 
potassium from the body can be readied. 

However, when time is not of the essence 
and cardiac catastrophe is not anticipated 
within hours, there is now available a 
method of lowering serum potassium and of 
maintaining it at a normal level. Carbox- 
ylic cation-exchange resins capable of 
removing potassium from the _ gastro- 
intestinal secretions have been available 
for a decade.!® However, their large mesh 
size made them unpalatable in general, 
and particularly for the uremic patient 
with a propensity for nausea and emesis. 
Furthermore, they tended to form conglom- 
erate masses in the stool which often led to 
fecal impaction. A new sodium-exchange 
resin (Kayexalate, Winthrop Laboratories, 
New York City) has the consistence of a 
powder which can be suspended in a small 
volume of water and ingested without 
difficulty; it has a theoretical binding 
capacity of 3.1 milliequivalents per gram 
of resin, and, in practice, has been found 
to exchange about 1 milliequivalent of 
potassium per gram." Combined with the 
administration of 10 to 20 ml. of a 70 per 
cent sorbitol syrup every few hours until 
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modest diarrhea was produced, a dose of 
15 Gm. of the resin given four times daily 
was uniformly effective in causing a grad- 
ual lowering of the levels of serum potas- 
sium in a group of severely oliguric pa- 
tients.!' Rectal administration was also 
found to be effective. Once the level of 
potassium in the serum became normal, 
5 Gm. of resin four times daily was suff- 
cient to prevent subsequent elevation. 

The second group for whom dialytic 
treatment may be indicated includes pa- 
tients who are doing poorly and have 
‘“‘uremic’’ symptoms. It is worth stressing, 
however, that the signs and symptoms of 
“uremia”? may be difficult to distinguish 
from those of anoxia, hypercapnia, sepsis, 
or liver disease. Merrill and others who 
have had a large experience with hemo- 
dialysis are fairly unanimous in the opinion 
that such treatment results in a generally 
improved status which may allow the 
patient to tolerate other complications 
more successfully. However, in the absence 
of properly controlled studies of morbidity 
and mortality with and without hemo- 
dialysis, we cannot comment on the utility 
of the procedure save in cases of life- 
endangering hyperkalemia. 
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What is Fallot’s tetralogy? 


H. R. S. Harley, M.S., F.R.C.S. 
Cardiff, Wales 


he classic association of morbid ana- 

tomic features described by Fallot,! 
in 1888, and usually accepted as consti- 
tuting the tetralogy which bears his name, 
comprise pulmonary stenosis or atresia, 
ventricular septal defect, overriding aorta, 
and hypertrophy of the right ventricle. 
But there is a wide range of both morbid 
anatomy and symptomatology among pa- 
tients whose hearts possess a ventricular 
septal defect and pulmonary stenosis, and 
there is a difference of opinion about what 
constitutes Fallot’s tetralogy. Further- 
more, the hemodynamic errors which 
result are imperfectly understood. 

One point of confusion is whether or not 
the term Fallot’s tetralogy implies that 
there is cyanosis, or, at least, that there 
is arterial oxygen unsaturation. Patients 
are sometimes divided into those who are 
cyanotic and those who are not. I prefer 
that the term should be confined to pa- 
tients who exhibit desaturation of the 
arterial blood, despite the fact that pro- 
gressive pulmonary stenosis may occur and 
may result in the development of cyanosis 
in a patient who was previously not cya- 
notic. It is best used to describe patients 
who have pulmonary stenosis and a ven- 
tricular septal defect with a right-to-left 
(reversed) shunt. The several features of 
Fallot’s tetralogy will be discussed, and 
an attempt will be made to define the 
condition and to relate it to certain other 
conditions. 

Hypertrophy of the right ventricle. Hyper- 
trophy of the right ventricle merely indi- 
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cates that this chamber is subject to strain. 
It seems inexpedient to include this fea- 
ture as part of the complex of anomalies 
which constitute Fallot’s tetralogy. It is 
no more a part of the picture of this con- 
dition than it is of many others which 
impose a strain upon the right ventricle. 

Dextroposition of the aorta. Dextro- 
position of the aorta, with overriding 
of both ventricles, is usually considered 
to be an essential feature of Fallot’s te- 
tralogy,? (p.399), 38 (p.110), 4 (p.183) and its 
degree is believed by many to be an im- 
portant factor in determining the amount 
of cyanosis®-? by causing the aorta to 
receive some blood directly from the right 
ventricle.* (p-111 and 117) Keith, Rowe,.and 
Vlad,? ©-48) however, state that some of 
their most severely anoxic infants have 
had only moderate overriding of the aorta. 

An examination of the evidence casts 
serious doubts on the importance of aortic 
override in producing hemodynamic errors 
in Fallot’s tetralogy. The degree of 
override found ig extremely  vari- 
able? © -399), 3 @.110), 6 6, 8: it may be absent 
in a few patients who otherwise appear to 
have typical tetralogy,? and it may be 
present in patients who have a ventricular 
septal defect but no pulmonary stenosis, 
as in the Eisenmenger complex. The ana- 
tomic studies of Selzer’ and Selzer and 
Laqueur® have shown that, whereas vary- 
ing degrees of aortic override, from inap- 
preciable to major, can occur in Fallot’s 
tetralogy, the recognition of the milder 
degrees is difficult when there is a large 
defect of the membranous septum,” even 
on direct examination. All who have 
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studied hearts at postmortem exami- 
nation would agree with this observation. 
Dextroposition of the aorta is, thus, an 
unreliable index of Fallot’s tetralogy. 

There is good evidence to prove that 
overriding of the aorta is unimportant in 
the causation of cyanosis due to a right-to- 
left shunt. The relief of pulmonary ste- 
nosis by closed infundibular resection or 
pulmonary valvotomy by the technique 
of Brock!®" may relieve cyanosis com- 
pletely and convert the right-to-left inter- 
ventricular shunt into one which is entirely 
from left to right,’ despite the fact that 
the aorta is still overriding. A similar con- 
dition follows the open repair of Fallot’s 


tetralogy if the pulmonary stenosis is. 


eliminated but the ventricular septal de- 
fect is imperfectly closed, and this may 
lead to death.® 

Additional evidence of the functional 
unimportance of dextroposition of the 
aorta is provided by cases of ‘‘atypical”’ 
Fallot’s tetralogy. Rowe, Vlad, and Keith” 
report four such cases in which a ven- 
tricular septal defect combined with pul- 
monary stenosis was associated with a 
large left-to-right shunt, normal arterial 
oxygen saturation, and systemic systolic 
pressures in the right ventricle. Aortic 
override was thought to be present in all 
four of these patients. In three of them a 
catheter entered the aorta from the right 
ventricle; the right ventricular pressure 
pulses were of normal pattern in the two 
in whom they could be satisfactorily 
analyzed; the aorta arched to the right 
side in one of them, and in the one who 
came to autopsy (not the one with a right 
aortic arch) a considerable degree of aortic 
override was found. Keith, Rowe, and 
Vlad? have added a fifth patient to these 
four, and this patient also had an aortic 
arch on the right side. An aortic arch on 
the right side is rarely associated with 
simple ventricular septal defect or pulmo- 
nary. stenosis with normal aortic root. 
Keith" found only one example in 400 
patients with ventricular septal defects, 
and Campbell'® found only one among 75 
patients with simple pulmonary stenosis. 
Rowe, Vlad, and Keith" found no ex- 
ample of such an association among 100 
patients. 

The evidence, therefore, is that the 
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degree of aortic override in Fallot’s te. 
tralogy is extremely variable, that its 
recognition, at least in the milder degrees, 
is not easy, and that it has little influence 
upon the direction of shunts or the severity 
of cyanosis. In this latter respect, Fallot’s 
tetralogy resembles Eisenmenger’s com- 
plex. Eisenmenger!* himself maintained 
that overriding of the aorta was of little 
functional importance in the complex which 
he described, and the evidence in favor of 
this much-debated opinion has recently 
been ably marshaled by Wood.!” Dextro- 
position may, however, have some embryo- 
logic significance for it occurs in about 
20 per cent of the cases of Fallot’s te- 
tralogy and in a similar proportion of 
cases of the Eisenmenger complex. It 
also occurs commonly in transposition of 
the great vessels and in persistent truncus 
arteriosus. These are all conditions as- 
sociated with large ventricular septal de- 
fects of the nonrestrictive type (vide infra) 
and/or anomalous septation of the truncus 
arteriosus and bulbus cordis. Both Selzer’ 
and Warden and associates,!* however, 
point out that the override may be partly 
acquired after birth as the result of dis- 
proportionate flow of blood through the 
aorta and the pulmonary artery. Eisen- 
menger!® demonstrated that the aorta is 
normally located in such a relation to the 
ventricular septum that, if the mem- 
branous portion of the latter is deficient, it 
comes in contact with both ventricles, 
so that overriding of the aorta is a by- 
product of a large ventricular septal defect 
and not a developmental dextroposition. 

The ventricular septal defect. The combi- 
nation of a ventricular septal defect of a 
critical size with pulmonary stenosis of a 
critical degree of severity is the essence of 
Fallot’s tetralogy. The writer has classified 
interventricular and aortopulmonary com- 
munications into nonrestrictive and re- 
strictive varieties and has given an account 
of the hemodynamic upsets to which they 
give rise.!® A nonrestrictive defect is one 
which neither restricts the flow of blood 
nor occasions a pressure gradient. The 
resistance to flow through such a com- 
munication is not greater, and may be 
much less, than that afforded by the nor- 
mal pathways. In the case of a ventricular 
septal defect this is so when the diameter 
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of the orifice equals or exceeds that of 
the aortic ring,?°*! but the definition is a 
hemodynamic and not an anatomic one. 
A restrictive defect is smaller than this, 
so that it offers a higher resistance to flow 
than does the normal pathway, and it 
occasions a pressure gradient between 
the chambers or vessels which it connects. 

A nonrestrictive ventricular septal de- 
fect will insure that the pressure in the 
two ventricles will be identical throughout 
the cardiac cycle under all conditions. 
Furthermore, throughout ejection 
phase, the pressure in the aorta and pul- 
monary artery will be the same as that 
in the ventricles, provided that there is 
no obstruction to outflow from either 
ventricle. If pulmonary or aortic stenosis 
is present, the pressure in the vessel be- 
yond the obstruction will, of course, fall. 
In Fallot’s tetralogy the pressure in the two 
ventricles is, in fact, the same throughout 
the cardiac cycle, and their systolic pres- 
sures are identical with that in the 
aorta,” ‘-4!3), 9, 18 because the ventricular 
septal defect is always of the nonrestrictive 
type. Additional proof of this reasoning is 
afforded by the fact that, after relief of 
the pulmonary stenosis by infundibular 
resection or pulmonary valvotomy, the 
pressures in the two ventricles and in the 
aorta (during systole) remain identical, 
even though relief of the stenosis is suf- 
ficient to cause a large left-to-right shunt, 
with pulmonary flows two or more times 
greater than systemic flows, oxygen satu- 
rations in the arterial blood of 95 per cent 
or more, and pulmonary arterial systolic 
pressures of up to 60 mm. Hg." These 
findings prove that in Fallot’s tetralogy 
the equality of pressures in the two ven- 
tricles is due entirely to the nonrestrictive 
nature of the interventricular communi- 
cation and is independent of the pulmonary 
stenosis. 

In Fallot’s tetralogy the ventricular 
septal defect is nonrestrictive functionally 
and large anatomically; it varies between 
1 and 3 cm. in diameter.? 399). 6 9, 18 Tn 
Eisenmenger’s complex, also, the defect 
usually measures between 1 and 3 cm. in 
diameter,®!7_ whereas in uncomplicated 
ventricular septal defect it is more often 
less than 1 cm. across.* Kirklin and as- 
sociates’ define Fallot’s tetralogy as ‘‘a 
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congenital cardiac malformation with ven- 
tricular septal defect of a size approxi- 
mating the aortic orifice and pulmonary 
stenosis of such severity that it, in combi- 
nation with the ventricular septal defect, 
results in identical right and left ventricu- 
lar pressures.”’ I would disagree with this 
definition, in that I do not believe that 
the pulmonary stenosis plays any part in 
maintaining equality of pressures in the 
two ventricles. 

Because the ventricular septal defect 
is nonrestrictive in Fallot’s tetralogy, the 
pressure pulses recorded from the two 
ventricles are identical and of normal pat- 
tern, with an ejection phase plateau. This 
distinguishes Fallot’s tetralogy from pul- 
monary stenosis with normal aortic root, 
in which condition Bouchard and Cornu” 
have shown that there is a typical and 
abnormal right ventricular pressure pulse. 
This displays delayed ascent during iso- 
metric contraction, absence of the ejection 
phase plateau, and delayed fall in pressure, 
resulting in a symmetrical, pointed tracing 
which is strikingly different from the left 
ventricular tracing from the same patient. 
Rowe, Vlad, and Keith found the ab- 
normal type of curve in two patients with 
simple pulmonary stenosis plus a_ ven- 
tricular septal defect, so that the combi- 
nation of the two anomalies need not 
affect the characteristic curve found in 
simple pulmonary stenosis. In such cases 
the septal defect is small and restrictive. 

The characteristic feature of the ven- 
tricular septal defect in Fallot’s tetralogy, 
therefore, is that it is nonrestrictive, and 
this ensures equality of pressure in the 
two ventricles at all times, under all con- 
ditions, and irrespective of the presence 
and degree of pulmonary stenosis. 

Pulmonary stenosis. Pulmonary stenosis 
is as fundamental a feature of Fallot’s 
tetralogy as is a nonrestrictive ventricular 
septal defect. The stenosis usually occurs 
in the infundibulum, where it may be 
high, intermediate, or low,!! but it may 
be at the pulmonary valve, or affect both 
sites. Rarely, it occurs in the pulmonary 
trunk?’; the writer has seen one such case. 
Fallot! classified pulmonary stenosis and 
atresia combined with dextroposition of 
the aorta as a single anomaly. Although, 
pathologically, atresia represents the ulti- 
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mate stenosis, hemodynamically it 
profoundly alters the course of the blood 
supply to the lungs,* ©-! which is by 
way of the aorta, and, thence, the bronchial 
arteries. and the ductus arteriosus. The 
prognosis of this condition is much more 
grave, and it is better classified under a 
separate heading. 

Although pulmonary stenosis (or atresia) 
plays no part in maintaining equality of 
pressure in the two ventricles, it does ac- 
count for two important features of Fal- 
lot’s tetralogy, namely, the right-to-left 
interventricular shunt and the reduced 
pressure and flow in the pulmonary artery 
and its branches. 

The severity of the pulmonary stenosis 
is critical, for, if the resistance which it 
imposes on the flow of blood exceeds the 
systemic vascular resistance, then the 
shunt between the ventricles will be from 
right to left, whereas if it is less than this, 
the shunt wi'l be in the opposite direction. 
When the two resistances are approxi- 
mately the same, the shunt will be balanced 
or bidirectional. 

A relative increase in severity of pulmo- 
nary stenosis with age may cause shunt 
reversal, and so convert a patient who is 
not cyanotic into one who is cyanotic. 
It is easy to relate ‘‘atypical’’ cases of 
Fallot’s tetralogy, with clinical and physi- 
ologic shunts from left to right,’ to the 
classic variety with cyanosis. It is simply 
a matter of whether the pulmonary ste- 
nosis offers more or less obstruction to 
flow than does the systemic peripheral 
vascular resistance. 

Alterations in the balance between 
these two resistances readily explain the 
marked alterations in the degree of cya- 
nosis which may occur rapidly in children 
with Fallot’s tetralogy, and the attacks of 
cyanosis to which they are liable, especially 
between the ages of 6 and 18 months.” 
These may be caused either by a transient 
increase in the severity of stenosis or by 
a decrease in the systemic peripheral 
vascular resistance. 

Hamilton, Winslow, and Hamilton” 
demonstrated a decrease in peripheral 
vascular resistance in one patient, and 
this mechanism forms a ready explanation 
of the relationship of attacks of cyanosis 
to hot weather and infections which was 
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noted by Keith, Rowe, and Vlad,? ©®-40) 
but which they ascribed to loss of extra- 
cellular water, with deleterious changes in 
the already abnormal ratio of cell volume 
to plasma. Wood?® showed that the ad- 
ministration of amyl nitrite produced an 
increase of cyanosis and of arterial oxygen 
unsaturation, with a fall in the mean and 
pulse pressure in the pulmonary artery 
which accompanied the fall in systemic 
blood pressure. 

On the other hand, Wood?¢ also demon- 
strated that, in five patients with Fallot’s 
tetralogy, spontaneous attacks of cyanosis, 
with or without syncope, were caused by 
an increased resistance in the pulmonary 
outflow tract, and that the blood pressure 
did not fall in any of these patients. Func- 
tional infundibular stenosis operates in 
this manner whether the organic stenosis 
is valvar or infundibular. When conscious- 
ness is lost, arterial oxygen unsaturation 
becomes extreme, the pulmonary arterial 
pressure becomes very low, the murmur 
disappears, and a state of functional pul- 
monary atresia is established.?®:?7 

Wood?* believes that the spontaneous 
attacks of cyanosis which occur in Fallot’s 
tetralogy are due to functional infundibu- 
lar stenosis, which explains their relief 
by morphine or cyclopropane, and con- 
cluded with confidence that ‘peripheral 
vasodilatation is not the cause of these 
attacks.’’ This, however, is probably not 
invariably so, and it cannot explain at- 
tacks which occur in patients who have 
organic pulmonary atresia. 

Definition of Fallot’s tetralogy. From the 
foregoing analysis, I conclude that the 
fundamental feature of cyanosis in Fallot’s 
tetralogy is the combination of a non- 
restrictive ventricular septal defect with 
pulmonary stenosis of such degree that 
it imposes a resistance to the flow of blood 
which is greater than that caused by the 
systemic peripheral vascular resistance. 
Overriding of a dextroposed aorta, al- 
though usually present, is of little im- 
portance hemodynamically, but it may 
have embryologic significance. Hyper- 
trophy of the right ventricle should not 
be named as part of an abnormal de- 
velopmental complex. 

Fallot’s tetralogy may conveniently be 
defined as pulmonary stenosis with re- 
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versed or bidirectional shunt through a 
nonrest:ictive ventricular septal defect. 
The term Fallot’s tetralogy is a misnomer, 
for there are only three developmental 
defects, and one of these is unimportant 
functionally and extremely variable in 
degree anatomically. If an eponymous 
title is still desirable, to honor him who de- 
scribed the condition so well, even though 
he was not the first to do so,?*-” and because 
of its brevity, then the term Fallot’s anom- 
aly would be more appropriate. 

The definition suggested above is func- 
tional rather than anatomic. It excludes 
patients with left-to-right shunts who are 
not cyanotic, but allows that the only 
difference is in the severity of the pulmo- 
nary stenosis. There is a close analogy 
between the conditions discussed in this 
paper, on the one hand, and those charac- 
terized by interventricular or aortopulmo- 
nary communications without pulmonary 
stenosis, on the other. When the pulmo- 
nary vascular resistance is low, the shunt 
is from left to right, but, when it reaches 
and then exceeds the systemic vascular 
resistance, the shunt becomes balanced 
or bidirectional, and then reversed. Eisen- 
menger’s syndrome results, and, if the 
shunt is an interventricular one, the con- 
dition is called Eisenmenger’s complex. 
The fundamental difference between Fal- 
lot’s anomaly and Eisenmenger’s complex 
is that in the former the obstruction to 
pulmonary flow is in the region of the 
pulmonary infundibulum or valve, whereas 
in the latter it is in the region of the small 
pulmonary muscular arteries. The defi- 
nition of Fallot’s anomaly given here is in 
line with that suggested for Eisenmenger’s 
complex by Wood,!7 namely, ‘‘ pulmonary 
hypertension at systemic level, due to a 
high pulmonary vascular resistance (over 
800 dynes sec./cm.-5), with reversed or 
bidirectional shunt through a large ven- 
tricular septal defect (1.5 to 3 cm. across).”’ 
Communications between the two circu- 
lations which produce the Eisenmenger 
reaction are nearly always of the non- 
restrictive variety when they occur at 
the ventricular or aortopulmonary level. 


Summary 


The essence of Fallot’s tetralogy is the 
combination of a nonrestrictive ventricular 
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septal defect with pulmonary stenosis of 
sufficient severity to impose a resistance 
to flow greater than that of the systemic 
peripheral vascular resistance. 

The nonrestrictive ventricular septal 
defect ensures that the pressure in the two 
ventricles is identical throughout the 
cardiac cycle under all conditions, and 
that their pressure is the same as that in 
the aorta throughout the ejection phase. 
The pulmonary stenosis reduces the pres- 
sure and flow in the pulmonary artery, 
and is responsible for a bidirectional or 
right-to-left shunt between the ventricles. 

Overriding of the aorta is quite variable 
in degree anatomically, and of little im- 
portance hemodynamically. Right ven- 
tricular hypertrophy is a nonspecific re- 
action to stress. 

Fallot’s tetralogy is defined as pulmonary 
stenosis with a bidirectional or reversed 
shunt through a nonrestrictive ventricular 
septal defect. 

The term Fallot’s tetralogy is a misnomer. 
A more desirable eponymous title would 
be Fallot’s anomaly. 
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The electrocardiogram in the presence of 


myocardial infarction and intraventricular block 
of the left bundle-branch block typet 


A clinical pathologic study 
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he electrocardiographic identification 

of myocardial infarction in the pres- 
ence of left bundle-branch block has been 
reported to be difficult®:!4:!® or impossible." 
Yet this electrocardiographic diagnosis is 
of importance inasmuch as left bundle- 
branch block is often a complication of 
myocardial infarction; it was present in 
20 (7.7 per cent) of 375 cases of acute 
occlusion of the coronary artery reviewed 
by Master and associates.’ The investiga- 
tion reported herein was undertaken to 
provide additional data on the nature and 
significance of findings encountered when 
complexes of the left bundle-branch block 
type had been recorded in patients proved 
to have myocardial infarction at the time 
of necropsy. 


Review of selected literature 


Sodeman and associates™ in 1944 stated: 
“When the septum is extensively damaged, 


the electrical forces produced by its acti- 
vation are reduced or abolished, and the 
initial negativity of the right ventricular 
cavity is transmitted to the left, and, con- 
sequently, to those regions on the left side 
of the body that are initially positive in 
left branch block when the septal muscle 
is healthy. When this happens, Q deflec- 
tions occur in leads from the left side of 
the precordium. They may be expected in 
Lead I also. .”’ Several cases have been 
reported to support this theory.???-14.16 

A Q wave in the leads facing the left 
ventricle could be caused by normal left- 
to-right activation of the ventricular sep- 
tum if the block causing the prolonged 
QRS complex were very low in the septum 
or were in the free wall of the left ven- 
tricle.6" At times it is difficult to dis- 
tinguish left bundle-branch block due to 
block in the septum from so-called peri- 
infarction block. Grant and Dodge® have 
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proposed criteria for making this distinc- 
tion. 

An unusual electrocardiographic position 
of the heart may be attended by Q waves 
in Leads I and aVy and in leads over the 


left ventricle. Sodeman and associates” 


noted that a QO wave in Lead I could result 
if the free wali of the right ventricle faced 
the right arm. This often occurs in the 
vertically placed heart in the dog.” Lapin 
and Sprague,®'in 1948, reported on a pa- 
tient with left bundle-branch block who 
had QO waves :n Leads I and aVy and in 
leads from the left precordium on inspira- 
tion only. 

Chapman and Pearce,” in 1957, described 
several cases of anteroseptal infarction in 
the presence 6f left bundle-branch block 
with an rsR’ configuration in Lead V.g. 
They thought: that the downward deflec- 
tion could be called a “ ‘delayed Q wave,’ 
delayed by the time necessary for passage 
of the wave of activation through the 
septum before it reaches the infarcted 
area.’’ In some cases the downward de- 
flection did not reach the base line, re- 
sulting in an R wave with an early deep 
notch. 

Myers and associates" believed that Q 
waves may be present over the right ven- 
tricle in the presence of left bundle-branch 
block but without infarction, because the 
right-to-left activation of the septum may 
produce a greater negative force over the 
right ventricle than the positive force 
produced by the free wall of the right ven- 
tricle. They concluded: ‘‘Thus, in cases of 
left bundle branch block, the presence or 
absence of septal infarction cannot be 
determined from the contour of the QRS 
complex in right ventricular leads.” 

Cabrera and Friedland,! in 1953, sug- 
gested that ‘“‘A notch with a duration of 
.05 sec. or more, observed in the terminal 
portion of QRS in the precordial leads that 
show a morphology rS or Qs (usually 
V; and V,),” is a sign of anteroseptal in- 
farction in the presence of complete left 
bundle-branch block. 

A Q wave in Lead III was present in 10 
of 28 cases of left bundle-branch block 
without clinical evidence of infarction 
reported by Dressler and associates,’ but 
they stated: “‘We have never observed a 
QO wave in Lead II when left bundle-branch 
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block was uncomplicated.”’ They concluded 
that ‘‘Q waves or W-shaped QRS complexes 
(or Q wave equivalents) in Lead II” are 
“suggestive of posterior infarction in the 
presence of left bundle branch block.” 

Kennamer and Prinzmetal,’ in 1956, 
concluded: “In patients with bundle branch 
block, the development of myocardial 
infarcts involving large amounts of sub- 
epicardial muscle may be manifest by a 
decrease in the magnitude of the R wave 
in precordial leads overlying the left ven- 
tricle or aVr.” 

Wilson and associates,” referring to in- 
farction in the presence of left bundle- 
branch block, stated: ‘Displacement of 
the RS-T segment and changes in the T 
wave may occur if the area of the QRS 
compiex is small. When the area of the 
QRS complex is large, the alterations in 
the T complex due to infarction are likely 
to be obscured by those produced by the 
conduction defect.’’ Experimental infarcts 
in dogs in the presence of left bundle- 
branch block have resulted in elevation of 
the S-T segment over the site of the infarct, 
as shown by Kennamer and Prinzmetal.’ 


Definition of terms 


“Left bundle-branch block’’ is an elec- 
trocardiographic diagnosis, as used in this 
paper. It does not indicate the site of the 
disturbance in conduction or the cause. 
Cases were included in this study if they 
met all of the following criteria: (1) QRS 
complex of 0.12 second or greater, (2) sinus 
origin of the ORS complex, (3) P-R interval 
of 0.12 second or greater, (4) no S wave in 
Lead I, (5) broad R wave in left precordial 
leads, or in Lead aV if the left precordial 
leads were transitional in form, (6) intrinsi- 
coid deflection starting 0.08 second or 
longer after the beginning of the QRS com- 
plex in leads over the left ventricle, and 
(7) QOS or rS wave forms in Lead V, with 
normal intrinsicoid deflection. The dis- 
turbance in conduction in some of the 
cases may not have been in the septum but 
peripherally in the left ventricle.?:6" 

Infarcts were called large when they in- 
volved, in one continuous area, more than 
one fourth of the circumference of the left 
ventricle in two of the five slices excluding 
the first (apical) slice. Infarcts of the ven- 
tricular septum were called large if the 
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Numb: 


infar.. was transseptal, and if more than 
one -ilf of the septum was involved in 
two —. the five slices excluding the apical 
slice. fransmural and transseptal infarcts 


not extensive enough to be called large 
were called small. Infarcts which occurred 
6 weeks or less before the death of the 
patient were called recent. 


Material and method 


Cases in which necropsy was performed 
at the Mayo Clinic between January, 1947, 
and April, 1959, and in which all of the 
following characteristics prevailed were 
selected for this study: (1) a confluent 
myocardial infarct, either recent or healed, 
as revealed on examination, (2) availability 
of electrocardiograms, including a mini- 
mum of the three standard leads and three 
precordial leads, taken at a time when the 
infarct was present as judged retrospec- 
tively by pathologic examination correlated 


with clinical findings, and (3) presence of 
left bundle-branch block when the infarct 
was present as judged by pathologic ex- 
amination and clinical history. Thirty-nine 
cases met these criteria. In all cases the 
heart weighed more than would be ex- 
pected for the height, body weight, and 
sex of the patient; the mean increase was 
100 per cent. 

The methods of study and description 
of the heart in this laboratory have been 
reported by Edwards.® The following were 
examined to determine the position, ex- 
tent, and age of the infarct: (1) the pre- 
served heart in all but one case, (2) photo- 
graphs taken at the time of necropsy, and 
(3) histologic sections taken from the site 
of the infarct and from all other quadrants 
of the left ventricle, including the septum. 
The ages of the recent infarcts were esti- 
mated on a histologic basis according to the 
criteria of Mallory and associates,’ and 


Table 1. Incidence of certain electrocardiographic changes according to location and 


size of infarct* 


Incidence of indicated electrocardiographic changet 
Infarct | 
Q wave Rwave | 
Q wave Q wave or Q-wave | in Leads | Late notch 
shan in in equivalent | V3.4 smaller| in S wave 
Lead I Lead aVyz, in Lead than in in Leads 
Location Size Ve Leads V3.4 
Anteroseptal Large 8/13 9/12 9/12 10/13 9/12 
Small 0/10 3/8 0/8 2/10 2/8 
Lateral Large 1/3 1/3 1/3 0/3 0/3 
Small 0/2 1/1 0/1 1/2 0/1 
Posterior Large 1/2 1/2 1/2 0/2 1/2 
Small 0/6 0/5 0/5 0/6 0/5 
Posteroseptal Large 0/1 0/1 1/1 0/1 0/1 
Small 0/3 1/2 0/2 0/3 0/2 
Circumferential subendocardial Large 0/1 0/1 0/1 0/1 1/1 
Anterior subendocardial Large 0/1 0/1 0/1 0/1 0/1 
Total number of infarcts 10/42 16/36 12/36 13/42 13/36 
Total number of cases 8/39 14/33 9/33 13/39 12/33 


All large infarcts and the largest infarct in cases in which there was no large infarct are represented in the table. 
tIncidence 1s expressed as the ratio of the number of infarcts associated with a given electrocardiographic change to the number of 
infarcts observed for association with that change. For example, the 8/13 in the first column signifies that a Q wave was present in 


8 of 13 instances in which both Lead I was recorded and a large anteroseptal infarct was present. 
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Fig. 1. The patient, a 64-year-old man, died on March 24, 1952. He had experienced severe thoracic pain and a 
large anteroseptal infarction on March 8, 1952. The heart weight was 710 grams; expected weight, 265 grams. 
Note Q wave in Leads I, aVz, and V. on March 19, 1952, with a small or absent R wave over the certral pre- 
cordium and the appearance of an R wave in Lead \V; after left bundle-branch block and septal infarction. 


this estimate was correlated with the 
clinical history in determining the probable 
date of the infarction. All clinical records 
were reviewed. 

Augmented unipolar limb leads and 
Leads Vs, V4, and Ves were not available 
for one patient with a large recent antero- 
septal infarct and for 5 patients with small 
infarcts. 


Results 


Table I summarizes the data obtained 
in this study. Significant facets of these 
data are here reviewed. 

A Q wave was present in Lead I in 8 of 
the 39 cases. A large anteroseptal infarct 
was present in each of these same 8 cases, 
being recent in 3 (Fig. 1) and old in 5. 
In addition to a large old anteroseptal 
infarct, a large recent lateral infarct was 
present in 1 case (for electrocardiograms 


in this case, see Fig. 8, Case 30 in Refer- 
ence 4), and a large recent posterior infarct 
was present in another case (Fig. 2). The 
septal portion of the infarct was large in 
5 cases and small in 3. This evidence indi- 
cates that when a patient with myocardial 
infarction has left bundle-branch block 
associated with a Q wave in Lead I, the 
infarct will be confined to the anteroseptal 
region or have an anteroseptal component. 

How consistently does anteroseptal in- 
farction result in the production of a Q de- 
flection in Lead I when left bundle-branch 
block also is present? In this series, 3 of 
6 recent and 5 of 7 old large anteroseptal 
infarcts were associated with such a de- 
flection. However, of the 24 patients hav- 
ing either a large or a small anteroseptal 
infarct, only 8 showed a Q wave in Lead I, 
and in all of these 8 patients the infarct 
was large. 
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A © wave was present in Lead aV_ in 
14 of .1e 33 cases in which this lead was 
recorded. A large infarct was present in 
9 cases and a small one in the other 5. 
In 12 oi the 14 cases the infarct was antero- 
septal in position. Nine of the anteroseptal 
infarcts were old and 3 were recent. In 
addition to a large anteroseptal infarct, a 
large lateral infarct was present in one case 
and a large posterior infarct in another 
case. [n the 2 cases in which there was a Q 
wave in Lead aV1z, but no anteroseptal 
infarct, the infarct was small and lateral 
in position in one case and small and 
posteroseptal in position in the other. 

This evidence indicates that when a 
patient with myocardial infarction has 
left bundle-branch block and a Q wave in 
Lead aV,, almost certainly the infarct 
involves the anteroseptal or lateral wall 
of the left ventricle; there was only one 
exception to this generalization in 14 cases. 

How consistently does anteroseptal or 
lateral-wall infarction result in the pro- 
duction of a Q deflection in Lead aV;, when 
left bundle-branch block is also present? 
Twelve of ‘21 instances of anteroseptal 
infarction and 2 of 4 instances of lateral- 
wall infarction were associated with such 
a deflection, whereas in only 2 of 11 in- 
stances in which posterior, posteroseptal, 
or circumferential subendocardial infarction 
was present did a Q wave appear in Lead 
aV 1. 

A Q wave was present in Lead V¢ in 5 
of the 33 cases available for study. A large 
anteroseptal infarct was present in each of 
the 5 cases; it was recent in 2 and old in 3. 
In 1 case a large recent posterior infarct 
was present in addition to a large old 
anteroseptal infarct. A Q wave was also 
present in Lead V; in all 5 cases, whereas 
in none of the 5 was a Q wave present in 
Lead Vi. 

This evidence indicates that when a 
patient with myocardial infarction and 
left bundle-branch block has a Q deflection 
in Lead Ve, the infarct will be confined to 
the anteroseptal region or have a large 
anteroseptal component. 

How consistently is anteroseptal in- 
farction associated with a Q deflection in 
Lead Vs when left bundle-branch block 
1S present? In this series, 5 of 12 patients 
with large anteroseptal infarction had such 


a deflection. However, of the 21 patients 
who had either a small or a large antero- 
septal infarction, and in whom Lead V¢ 
was recorded, only 5 had a Q wave in this 
lead. 

An rsR’ wave form in Lead Ve was 
present in 2 of the 33 cases available for 
study; a large old anteroseptal infarct 
with a large septal component was present 
in both cases, and a large recent lateral 


Fig. 2. The patient, a 66-year-old man, died on 
June 2, 1952. He was admitted to the hospital on the 
day of death because of ankle edema, which had 
been present for 1 day, and orthopnea, present for 
3 weeks. Necropsy disclosed an old large antero- 
septal apical infarct and a recent large transmural 
posterior infarct, about 2 days old as judged by 
histologic examination. There was a small sub- 
endocardial posterior infarct, 4 to 6 weeks old. The 
heart weight was 610 grams; expected weight, 345 
grams. Note Q deflection in Leads I, aVz, and V6. 
The R wave in Leads V, and V; is very small, and 
late notching and slurring of the S wave in Lead 
V, are evident. Recent posterior infarction may be 
the cause of the elevated S-T segment in Leads III 
and aVr. (Cross-sectional diagrams of the heart on 
the right-hand side of the figure are shown as viewed 
from above. Key to diagrams in this and subsequent 
figures: diagonal shading = acute infarction; stip- 
pling = old infarction.) 
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Fig. 3. The patient, a 62-year-old man, died on Sept. 9, 1958. He had an old small anterior infarct and an old 
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small subendocardial posterior infarct. A large transmural lateral infarction had occurred on Sept. 2, 1958. 
The heart weight was 465 grams; expected weight, 265 grams. The electrocardiograms of Feb. 11, 1958, reveal 
evidence of a posterior infarct of recent occurrence as well as R waves of low voltage in Lead V; through Lead 
V., probably related to the old anterior infarct. With the development of a lateral infarct and the onset of left 
bundle-branch block, the S-T segment is depressed in Lead I and in leads over the left precordium. The broad 
QO wave in Leads II, III, and aVr on Sept. 3, 1958, may be a result of the old anterior and posterior infarcts 
plus the posterior component of the recent lateral infarction. 


infarct was present in addition to the 
anteroseptal infarct in one of the 2 cases. 
An early downward notching of the up- 
stroke of the R wave in Lead Vg, in the 
absence of a Q wave in this lead, was 
present in 2 of the 33 cases available for 
study; a large anteroseptal infarct with a 
large septal component was present in 
both cases, and, in addition, a large recent 
posteroseptal infarct was present in one 
of the 2 cases. Thus, the 5 of 12 cases of 
large anteroseptal infarction in which there 
_was a Q wave in Lead V¢ becomes 9 of 12 
cases when instances of Q waves and 
Q-wave equivalents are combined. Fur- 
thermore, none of 20 patients without 
transseptal infarcts had a Q wave or Q- 
wave equivalent in Lead V6. 


The R wave was lower in Lead V; or 
Lead V4, or both, than in Lead V; or Lead 
Vo, or both, in 13 of the 39 cases. An antero- 
septal infarct was present in 12 of the 13 
cases; it was recent in 5 cases and old in 7, 
and it was large in 10 of the 12 cases. In 
the thirteenth case a small old lateral in- 
farct and a very small recent anterior 
apical subendocardial infarct were present. 

This evidence suggests that when a 
patient with myocardial infarction and 
left bundle-branch block has an R wave 
lower in Lead V3 or Lead V4, or both, than 
in Lead V, or Lead V2, or both, the infarct 
almost certainly is anteroseptal in dis- 
tribution. Furthermore, this finding ap- 
peared in 12 of 24 cases*in which there 
was anteroseptal infarction, but in only 
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1 of 15 -astances in which infarcts of other 
distrib. ‘ions were present. 

A nevch or slur with a duration of 0.05 
second or more in the terminal portion of 
the QiS complex in precordial leads that 
showed an rS or QS form (usually Lead 
V; or Lead V4) was present in 12 of the 33 
cases available for study. An anteroseptal 
infarct was present in all 12 cases; it was 
recent in 3 cases and old in 9 cases, and 
was large in 10 of the 12 cases. A large 
posterior infarct was present in addition 
to a large anteroseptal infarct in 1 case, 
and the infarct was circumferential in 
another of the 12 cases. 


A Q wave was present in both Lead II 
and Lead III in 3 of the 39 cases. A small 
posteroseptal infarct was present in one 
of these cases, a large lateral posterior 
infarct combined with small anterior and 
posterior infarcts in another (Fig. 3), and 
a small posterior infarct in the third. 

Electrocardiograms which showed left 
bundle-branch block both before and after 
a recent infarction were available in 3 
cases. In 2 cases (Figs. 4 and 5) the height 
of the QRS complex was markedly de- 
creased. There was little change in the 
height of the ORS complex in any of the 
twelve leads in the third case, in which 


Fig. 4. The patient, an 88-year-old man, died on July 18, 1958. He had undergone laparotomy on 
July 7. He had experienced pulmonary edema and chest pain on July 18. Left bundle-branch block 
had been present on March 15, 1958. A large recent transmural anteroseptal infarct, about 10 days 
old as judged by histologic appearance, was found at necropsy. The heart weight was 570 grams; 
expected weight, 294 grams. There was marked decrease in the height of the QRS complexes on 
July 18, 1958, as compared with March 15, 1955. Note lack of an R-wave deflection in leads from 
the right precordium on July 18, together with a Q wave in Lead V4. There is a small Q in Lead 
aVzon July 18, but none in Leads I or V¢. The nearly isoelectric upright T in Leads I and Vg after 
the infarction is in marked contrast to the segmental depression and T-wave inversion in these 
same leads recorded on March 15, 1955, before occurrence of the infarction. However, this change 


could be secondary to diminished area of QRS in these leads rather than to an ischemic effect 
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Fig. 5. The patient, a 59-year-old woman, died on Aug. 11, 1954. Angina pectoris had 
been present since April, 1953, and heart failure since January, 1954. Necropsy dis- 
closed an old large anteroseptal transmural infarct. Left bundle-branch block was present 
before occurrence of a small transmural posteroseptal basal infarction on Aug. 10, 1954. 
The heart weight was 650 grams; expected weight, 306 grams. Note marked decrease in 
the height of the QRS complexes, especially in the standard and unipolar limb leads, 
on Aug. 11, 1954. The Q wave in Lead aV_1 and Q-wave ‘‘equivalents”’ in Lead V, on both 
January 30 and August 11, and the Q-wave ‘“‘equivalent’”’ in Lead I on August 11, are 
probably related to the extensive septal infarct. Note late notch in Lead V; on August 11. 


there was a small transmural posterior 
infarct. 

Electrocardiograms taken before a recent 
infarction, but also before the development 
of left bundle-branch block, were available 
in 10 of the 39 cases. There was marked 
reduction in the height of the QRS com- 
plexes in Leads V3 and V; in 1 case after a 
large anteroseptal infarction. There was 
little or no change in the height of the QRS 
complexes in the other 9 cases, even though 
the infarcts’ in 4 of the 9 were large and 
anteroseptal in position. 

S-T-segment changes related to a recent 
anterior infarction were found in 4 cases. 
However, the S-T segment was elevated 


1 mm. or more in Lead I in only 1 of the 
39 cases. A small old posterior infarct and 
a large recent anteroseptal infarct were 
present in this case (Fig. 6). This was also 
the only case in which the S-T segment in 
Lead V, was elevated. 

S-T-segment changes believed to be 
related to recent posterior infarction were 
found in 3 cases, tracings from 2 of which 
are reproduced in Figs. 2 and 3. 


Comment 


The results reported provide a basis for 
localization of a myocardial scar or infarct 
in a patient who has such a lesion. Because 
cases of left bundle-branch block without 
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myoca:.. al infarction were excluded from different location was present, indicate, 
the stv..y, the diagnostic specificity of a we believe, diagnostic reliability of the 
certaii. electrocardiographic finding for electrocardiographic finding. Instances of 
infarct:.2 or scarring cannot be derived this kind were as follows: 


directi, from our data. However, strong 
inferens:al evidence of infarction would 
appea: to be afforded by certain of these 
data. ‘i he consistent appearance of certain 
electrocardiographic changes in the pres- 
ence o! a large infarct of uniform location, 
and the absence of these electrocardio- 
graphic changes when only a small infarct 
of similar location or a large infarct of 
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1. A Q deflection in Lead I occurred in 8 
of the 39 cases. In each of these cases a 
large transmural anteroseptal infarct was 
present. A Q wave did not occur in 26 cases 
(total of 39 minus 13 with large transmural 
anteroseptal infarcts) in which a large 
anteroseptal infarction was lacking. 

2. A Q deflection or a Q-wave equivalent 
was present in Lead V¢ in 9 of 33 cases in 


Fig. 6. The patient, a 65-year-old man, died on April 2, 1949. He had had angina pectoris since 
July, 1948. He became cyanotic on March 22, 1949, while undergoing abdominal operation. Ne- 
cropsy revealed an old small transmural posterior infarct and a recent large transmural antero- 
septal infarct, about 10 days old as judged by histologic appearance. The heart weight was 740 
grams; expected weight, 415 grams. In the electrocardiograms of March 11 and March 17, note 
the Q wave in Leads II, III, and aVy and in esophageal leads, with a prolonged QRS in these leads, 
indicating posterior infarction with postinfarction block. On March 26, 1949, after anteroseptal 
infarction, there is no R wave in Leads I and V; and the QRS complex is prolonged in these leads, 
probably indicating anterior postinfarction block. On March 31, 1949, the QRS interval has again 
increased and a major change has occurred in the mean QRS in the frontal plane. A Q wave is no 
longer present in Leads III and aVyr, but is present in Leads I, aVz, and V¢. Note the almost absent 
R wave in Lead V, and the late notch and slurring in Lead V; on March 31, 1949, and the sugges- 
tion of elevation of the S-T segment in Leads I and Ve, the T wave being upright. 
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which this lead was recorded. In each of 
these 9 cases a large transmural antero- 
septal infarct was present. Such deflections 
did not occur in 21 cases (total of 33 minus 
12 with large transmural anteroseptal 
infarcts) in which a large anteroseptal 
infarct was lacking. 

Of somewhat lesser reliability are the 
instances in which a certain electrocardi- 
ographic finding occurred predominantly 
in the presence of a large infarct of uniform 
location, but occurred also in instances in 
which a small, similarly located infarct 
was present. Into this category would fall 
instances of the following types: 

1. An R wave in Lead V3 or Lead V4, 
or both, lower than an R in Lead V, or 
Lead V2, or both, occurred in 13 of 39 
cases. A large anteroseptal transmural 
infarct was present in 10 of these 13 cases, 
a small anteroseptal infarct in 2 additional 
cases, and a small old lateral infarct ac- 
companied by a very small recent apical 
subendocardial infarct in the other case. 

2. A notch or slur with a duration of 0.05 
second or more in the terminal portion of 
the QRS complex in precordial leads that 
showed an rS or QS form was present in 
12 of 33 cases available for study. In all 
of these 12 cases an anteroseptal infarct 
was present; in 9 the infarct was large and 
transmural, in 2 it was small, and in 1 it 
was large but subendocardial. 

3. A QO wave was present in both Lead II 
and Lead III in 3 of 39 cases. A large lateral 
posterior infarct was present in one of 
these cases, a small posteroseptal infarct 
in one case, and a small posterior infarct 
in the third. 

Of least reliability are those instances 
in which a given deflection occurred usually 
in association with a large infarct of uni- 
form location but not infrequently in as- 
sociation with small infarcts of the same 
location and occasionally in association 
with infarcts of entirely different location. 
Into this category would fall instances in 
which there was a Q deflection in Lead 
aVxz. This deflection occurred in 14 of 33 
cases: in 9 of which there were large trans- 
mural anteroseptal infarcts; in 3, small 
anteroseptal infarcts; in 1, a small lateral 
infarct; and in 1, a small posteroseptal 
infarct. 

Summary of data for all three of the 
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categories just reviewed discloses that 24 
of the 39 cases included in this study pre- 
sented one or more of the electrocardio- 
graphic findings held to afford evidence of 
greater or lesser reliability of myocardial 
infarction. Of the 18 cases in which infarcts 
were large, 15 presented one or more of 
these electrocardiographic findings, whereas 
9 of 21 cases in which infarcts were small 
so qualified. 


Summary 


On the basis of a study of the pathologic, 
electrocardiographic, and clinical data in 
39 cases in which there was a confluent 
myocardial infarct in the presence of left 
bundle-branch block, the following ob- 
servations are made: 

1. Substantial evidence of transmural 
anteroseptal myocardial infarction in the 
presence of left bundle-branch block would 
appear to be afforded (a) by a Q deflection 
in Lead I or (b) by a Q deflection or Q-wave 
equivalent in Precordial Lead Ve. 

2. Supportive evidence of anteroseptal 
myocardial infarction in the presence of 
left bundle-branch block would appear to 
be afforded (a) by an R wave in Lead V; 
or Lead V4, or both, that is, lower in ampli- 
tude than an R wave in Lead V;, or Lead 
Ve, or both, or (b) by a notch or slur with 
a duration of 0.05 second or more in the 
terminal portion of the QRS complex in 
precordial leads that shows an rS or QS 
form. 

3. Supportive evidence of infarction in- 
volving the posterior wall of the left ven- 
tricle in the presence of left bundle-branch 
block would appear to be afforded by a Q 
deflection in Standard Leads II and III. 

4. Equivocal evidence of anteroseptal 
infarction in the presence of left bundle- 
branch block would appear to be afforded 
by a Q deflection in Lead aV x. 

5. In two of three instances in which 
electrocardiograms showing left bundle- 
branch block were recorded both before 
and after myocardial infarction, the height 
of the R waves in the standard leads de- 
creased markedly. 

6. Changes in S-T segments and T waves 
of a degree to be considered suggestive of 
myocardial infarction occurred in a mi- 
nority of cases in which myocardial infarcts 
were recent. 
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7. Tic weight of every heart was more 
than the weight expected for the height, 
body weight, and sex of the patient. The 
mean increase in the weight of the heart 
over the expected weight was 100 per cent. 
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High-frequency components in the electrocardiograms 


of normal subjects and of patients with 


coronary heart disease 


Paul H. Langner, Jr., M.D. 

David B. Geselowitz, Ph.D.* 

Frank T. Mansure, M.D. 
Philadelphia, Pa. 


A wide-band recorder with an expanded 
time scale for recording the electro- 
cardiogram reveals high-frequency com- 
ponents in the QRS that do not appear in 
the conventional electrocardiogram.!* The 
greater incidence of such high-frequency 
components in patients with coronary 
heart disease when compared with a group 
of normal subjects used as controls was 
first reported in 19534 and subsequently 
confirmed.®:6 

High-frequency components in the QRS 
recorded with adequate instrumentation 
consist of small, fast notches, slurs, and 
segments of high velocity. These phe- 
nomena, which are 1 to 7 milliseconds in 
duration, have been quantified by means 
of both high-pass and low-pass electronic 
filters.* It is the purpose of this paper to 
report on the number of high-frequency 
notches and slurs in the electrocardio- 
grams of 104 patients with clinical evidence 
of coronary heart disease as compared with 
the incidence of these high-frequency 
components in 100 normal subjects who 
served as controls. 


Materials and methods 


One hundred four subjects with clinical 
evidence of coronary heart disease were 
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studied. Eighty-eight had well-documented 
histories of myocardial infarction and typi- 
cal electrocardiographic changes. The other 
16 had the clinical symptoms of angina 
pectoris on exertion, with normal elec- 
trocardiograms when at rest, but definitely 
positive postexercise electrocardiograms. 
None of the patients had evidence of 
congenital, rheumatic, or syphilitic heart 
disease. The ages ranged from 43 to 75 
years, with a mean of 56 years. There were 
92 male and 12 female subjects. All of 
these were fully ambulatory. Approxi- 
mately one half of the group were normo- 
tensive, and none was severely hyperten- 
sive, since we intentionally excluded the 
latter from this study. Sixty-four had 
normal heart size by x-ray examination, 
whereas 40 showed slight to moderate 
enlargement. Twenty-six patients were 
receiving digitalis. The electrical axis in 
the frontal plane ranged from +80 to 
—60 degrees. Subjects with bundle branch 
block were excluded from this study. 

The control group consisted of 100 in- 
dividuals who were free from cardiovascu- 
lar disease as determined by past history, 
present signs or symptoms. There were 95 
male and 5 female subjects. The age range 
was 40 to 65 years, with a mean of 52 years. 
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Fig. 1. A, Original signal, Lead II. B, The original 
signal plus muscle tremor induced by tensing the 
right forearm. C, The original signal plus 60-cycle 
interference seen in the base line. D, The original 
signal plus 120-cycle interference seen in the base 
line. In these records there is no significant notching 
or slurring of the R wave despite base-line noise. 


The heart size was normal by x-ray ex- 
amination, and the conventional electro- 
cardiogram was negative. The electrical 
axis in the frontal plane ranged from +90 
to —10 degrees. All members of this group 
are designated as normal in the tables of 
this paper and Appendix II. 

Twelve scalar leads from the standard 
electrode positions were made with a 
wide-band recorder, having a frequency 
response flat to 1,000 cycles per second 
and down 6 decibels at 5,000 cycles per 
second as previously described.!?:4:° This is 
in sharp contrast to most direct-writing 
electrocardiographs now in use which are 
relatively unresponsive at 100 cycles per 
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second.* The amplification was regulated 
so that the ORS deflection traversed about 
75 per cent of the cathode-ray screen. 
Thus, all the leads were made as large as 
possible. The relative size of any lead was 
determined by the height of its accompany- 
ing millivolt standardization signal. 

An expanded time scale was obtained 
by using a paper speed of 350 mm. per 
second, which is 14 times the speed of the 
conventional electrocardiogram.! Records 
were made with Kodak Linagraph Paper 
No. 697, which is 5 inches wide. This was 


microfilmed and projected on a screen at 


*See Appendix I for a discussion of the relation of frequency 
response to the distortion of notches of short duration. 


Fig. 2. Illustrates three marked notches near the 
peak of the R wave. There is also slight slurring at 
the peak and on the downstroke of the R wave. 
Three successive complexes are shown to demon- 
strate the repetitive nature of the high-frequency 
components. The small complex was made with a 
direct writer. 


Fig. 3. Illustrates two notches in the Q wave, seven 
notches and/or slurs in the R waves. Three succes- 
sive complexes are shown to demonstrate the repeti- 
tive nature of the high-frequency components. The 
small complex was made with a direct writer. 
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Table |. High-frequency components in limb leads 
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| 
| Lead I Lead II Lead III aVer aVr 
| 
Num- | 
ber of | | | “1 
compo-| N | A | N | A N | A Nn | A N A N | A | 
nents | 
| | | | | | | 
| | | | | 
| | | | | | | 
4 BS 3 4 6 4-1 5 3 7 
5 6 3 1 4 
6 | 1 
N: Normal. A: Abnormal. S: Small Lead. L: Large Lead. 
Table 11. High-frequency components in precordial leads 
| 
V; V2 V3 Vs Vs Ve 
Number of | | 
components | | | | 
N | A N A N A N | A 
0 41 24 51 19 52 21 70 34 81 33 88 35 
1 30 17 23 19 29 19 13 15 8 19 4 22 
2 16 27 20 37 11 23 14 16 4 19 3 21 
3 8 27 6 15 8 23 1 11 16 9 
4 2 5 6 7 8 6 6 
5 1 3 2 3 6 1 2 
6 1 1 3 


N: Normal. A: Abnormal. 


close range by means of a wide-angle lens 
so that the record for final viewing was 15 
inches tall, or three times the size of the 
original photograph. This technique greatly 
facilitated reading because it eliminated 
the need for rolling and unrolling yards of 
unwieldy paper, and because it enlarged 
the original record. The time scale of the 
record when this optical system was used 
was very close to 1 millimeter per milli- 
second,* 

In the rapidly moving portion of the 
ORS there are notches and slurs that are 


*For those interested in trying this technique, 35-mm. trans- 
parent film is recommended in place of the 5-inch Lina- 
graph Paper used by us. This film consumes less space and 
can be used to project the record to any desired size. How- 
ever, in recording, a rapid film speed of 200 to 300 mm. per 

second must still be used to preserve the expanded time 

scale. 


Table III. Combined total of high-frequency 


components in V5, Vg and largest limb lead 


Number of Number of 
Number of abnormal normal 
components subjects subjects 
0 11 66 
1 8 16 
2 10 11 
3 10 § 
+ 13 2 
5 8 
6 11 
7 4 
8 8 
9 5 
10 1 
11 3 
12 1 


| 

| 
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equaled or even exceeded by the width of 
the bas: line. Therefore, it is necessary to 
take precautions that a true heart signal 
is preset rather than an artifact due to 
noise. Lo identify true cardiac potentials, 
one cat: make use of their repetitive char- 
acteristic in successive QRS complexes. 
Only notches or slurs which are clearly 
repetitive in several successive cycles are 
read as true cardiac potentials. On the 
other hand, artifacts usually due to muscle 
tremor occur at random, and the notching 
in each successive QRS complex is in a 
different form and place. With experience, 
there is no problem in distinguishing be- 
tween artifacts and true cardiac potentials 
of high frequency. However, if marked 
muscle tremor is present due to dyspnea, 
shivering, anxiety, thyrotoxicosis, neuro- 
logic disease, or senility, the record usually 
becomes unreadable for high-frequency 
components because they are masked by 
the noise. This is true for both direct 
visual inspection of the time voltage records 
and for spectral analysis.® 

Fig. 1,4 shows Lead II of a healthy 
20-year-old woman without signs or symp- 
toms of heart disease. There “are no sig- 
nificant high-frequency components present 
in the ORS. Fig. 1,B shows the same lead 
as Fig. 1,A, plus self-induced muscle 
tremor. C and D of Fig. 1 show the same 
lead as A, plus increased base-line noise 
due to 60-cycle and 120-cycle interference, 
respectively, introduced from an oscillator. 
Artifacts of this amplitude in the base line 
produce no significant high-frequency al- 
teration in the R wave. If the base line 
shows noise in excess of that shown in B 
to D of Fig. 1, the tracing is usually con- 
sidered to be unreadable for high-frequency 
components unless they are distinctly 
larger than the noise and, of course, clearly 
repetitive. 


Results 


Table I shows the number of notches 
and slurs in each of the limb leads for the 
normal and abnormal groups. The number 
of subjects for each lead totals less than 
104 for the abnormal group and less than 
100 for the normal group. This is because 
there was sufficient muscle tremor in a 
few leads to render them unreadable for 
high-frequency components, and, in a few 
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instances, a simple failure in photographic 
technique caused the lead to be indistinct. 
In either case such a lead was omitted from 
Table I. 

In the limb leads there is a distinction 
made between the three larger leads and 
the three smaller leads because notching 
is more common in smaller limb leads in 
both normal and abnormal subjects, as 
has been reported previously.*** Among the 
limb leads, the lead of largest amplitude, 
which has an axis collinear with the direc- 
tion of the maximal frontal plane QRS 
vector, gave the best discrimination be- 
tween the normal and the abnormal in- 
dividuals, since only one normal subject 
had three slurs in this lead, whereas 32 
abnormal subjects had three or more 
notches and/or slurs. Table II shows the 
number of notches and/or slurs in the 
precordial leads. Of the precordial leads, 
Vs and Vz gave the best discrimination, 
in that no normal individual had three or 


Fig. 4. The upper R-S complexes are normal. They 
are V; and V, taken 2 years before infarction. The 
lower R-S complexes are V; and Vz, from the same 
individual 3 months after a well-documented episode 
of myocardial infarction. The appearance of high- 
frequency components, including very fast deflec- 
tions in the lower two complexes, is self-evident. 


| 

| 
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more notches or slurs, whereas among the 
abnormal subjects there were 23 who had 
three or more such high-frequency com- 
ponents in V;, and 17 who had them in Vz 
(see Fig. 2). Leads Vo, V3, and V4, offered 
some discrimination when the number of 
notches considered to be abnormal was 
raised to four per lead (Fig. 3). The number 
of high-frequency notches and/or slurs 
per subject were counted for the combined 
total in Leads Vs, Ve, and the largest limb 
lead (see Table III). In the normal group, 
no individual had a combined total of five 
or more high-frequency components in 
these three leads. In the abnormal group, 
41 had a combined total of five or more 
notches and/or slurs in these three leads, 
with a maximum of twelve and a mean of 
seven. In the 16 subjects with angina 
pectoris and normal resting conventional 
electrocardiograms, 7 had three notches in 
either the largest limb lead, Vs, or V6. 
Each of the same 7 subjects had a com- 
bined total of five or more notches and/or 
slurs in these three critical leads. 

Development of high-frequency notches 
or slurs may appear as a serial change 
occurring during myocardial infarction, 
as illustrated in Fig. 4. High-frequency 
serial changes have occurred in all of the 
5 patients in whom we had an opportunity 
to obtain a wide-band, expanded record 
before and after infarction. 


On the basis of our results, it seems 
reasonable to establish as the upper limit 
of normal two distinct high-frequency 
notches and/or slurs per lead for Leads 
V;, Ve, and the limb lead of greatest ampli- 
tude. The normal limit for the combined 
total of high-frequency components in 
these three leads is four per subject. There 
is a high probability that a subject who 
has more than two high-frequency com- 
ponents in one of these leads and more 
than four for all three leads, and who falls 
in the age groups studied, has coronary 
heart disease. The mathematical deriva- 
tion of these probabilities is given in Ap- 
pendix IT. 

The occurrence of serial change in the 
high-frequency electrocardiogram deserves 
serious consideration because it appeared 
to be due to coronary heart disease in the 
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5 cases observed by us. It is very possible 
that rheumatic myocarditis and other 
myocardial diseases which result in fibrotic 
changes can also produce both high-fre- 
quency components and serial changes, 
but we have not studied these diseases. 

Judging from our subjects with angina 
pectoris, it is probable that for pre-em- 
ployment, life insurance, or other types 
of examinations, where symptoms may 
be denied, about 40 per cent of the subjects 
with early coronary disease and negative 
conventional electrocardiograms will show 
high-frequency change when the method 
described in this paper is used. Therefore, 
this could serve as a diagnostic adjunct in 
detecting the probability of coronary heart 
disease. The normal group reported upon 
in this paper, with the addition of subjects 
each year, will serve, in time, to determine 
whether this method is of value for prog- 
nosis in people without known signs or 
symptoms of coronary heart disease. 

Our figures do not relate to the gravity 
of prognosis or ultimate mortality, but 
to the probability that disease is or is not 
present. Even with 104 patients, we have 
had insufficient time and inadequate ex- 
posure to establish a valid ratio of mor- 
tality. However, certain statements do 
seem justified. The increase in incidence 
of high-frequency notching of the electro- 
cardiogram in coronary disease seems more 
than can be explained by coincidence or 
chance fluctuation and, therefore, requires 
another explanation. In the absence of 
pathologic evidence of our own, we must 
draw on that of others in analogous situa- 
tions. Durrer and associates’ used a wide- 
band recorder and an expanded time scale, 
and studied experimental myocardial in- 
farction with intramural and epicardial 
electrodes. They found abundant notching 
in the electrocardiogram. They stated that 
the excitation wave was desynchronized 
and fragmented, and that notching was 
due to dissimilar rates cf conduction of the 
excitatory process. Burch, Horan, Ziskind, 
and Cronvich® have shown that there are 
changes in the vectorcardiogram not readily 
apparent in the conventional electrocardi- 
ogram in subjects with myocardial in- 
farction. They found these changes due 
to smaller, less solid lesions. Zoll, Wessler, 
and Blumgart® have reported that, in 


| 
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ctoris, patchy necrosis, or fibrosis, 


angina 

is a cor. ion lesion. We believe that com- 
parable nyocardial defects are most prob- 
ably re: ,onsible for the abnormal number 
of high-irequency notches and slurs in the 


electrocardiograms of subjects with coro- 
nary heart disease. 


Summary 


Through the use of electronic and photo- 
graphic equipment capable of recording a 
wide band of frequencies, from 0.01 to 
5,000 cycles per second, it has been shown 
that subjects with clinical evidence of 
coronary heart disease have a much greater 
incidence of high-frequency notching and 
slurring in the electrocardiogram recorded 
with this high-fidelity equipment than do 
apparently normal subjects. The diagnostic 
possibilities of this method are discussed. 


REFERENCES 

1. Langner, P. H., Jr.: Value of high-fidelity 
electrocardiography using the cathode-ray 
oscillograph and an expanded time scale, Circu- 
lation 5:249, 1952. 

2. Langner, P. H., Jr.: High-fidelity electrocardiog- 
raphy: further studies including the compara- 


High-frequency components in ECG 751 


tive performance of four different electrocardi- 
ographs, AM. HEART J. 45:683, 1953. 

3. Kerwin, A. J.: Effect of the frequency response 
of electrocardiographs on the form of electro- 
cardiograms and vectorcardiograms, Circula- 
tion 8:98, 1953. 

4. Langner, P. H., Jr.: Further studies in high- 
fidelity electrocardiography: myocardial infarc- 
tion, Circulation 8:905, 1953. 

5. Franke, E. K., and Braunstein, J. R.: Power 
spectrum analysis of the high-frequency elec- 
trocardiogram. Paper read at the Biophysical 
Society meeting, Boston, February 5, 1958. 

6. Langner, P. H., Jr., Geselowitz, D. B.: Charac- 
teristics of the frequency spectrum in the 
normal electrocardiogram and in_ subjects 
following myocardial infarction, Circulation 
Res. 8:577, 1960. 

7. Durrer, D., Formijne, P., van Dam, R. Th., 
Biiller, J., van Lier, A.A.W., and Meyler, F. 
L.: The electrocardiogram in normal and some 
abnormal conditions: in revived human fetal 
heart and in acute and chronic coronary oc- 
clusion, AM. HEART J. 61:303, 1961. 

8. Burch, G. E., Horan, L. G., Ziskind, J., and 
Cronvich, J. A.: Correlative study of post- 
mortem, electrocardiographic, and spatial vec- 
torcardiographic data in myocardial infarction, 
Circulation 18:325, 1958. 

9. Zoll, P. M., Wessler, S., and Blumgart, H. L.: 
Angina pectoris: clinical and _ pathological 
correlation, Am. J. Med. 11:331, 1951. 


Appendix | 


David B. Geselowitz, Ph.D. 


This paper deals with the occurrence of 
notches of between 1 and 7 milliseconds 
duration in the electrocardiogram of hu- 
man beings. Such notches will not be ob- 
served in tracings recorded on most con- 
ventional electrocardiographs unless they 
are very large in amplitude, and even in 
this case they will be grossly attenuated 
and distorted. In order to determine the 
frequency requirements of a system in- 
cluding an amplifier and recorder which 
will satisfactorily pass notches of short 
duration, the following analysis was under- 
taken. 


A simple low-pass filter is a network 


.consisting of a single resistor and capacitor 


as shown in Fig. 5. This network has a 
frequency response 


V, 1 1 


which falls to a value of one half at the 
6-decibel frequency, f., where 


and falls off at a rate of 6 decibels per 
octave for frequencies much greater than 

As a representative notch, consider a 
triangular pulse of unit amplitude and 
duration 7 as shown in Fig. 6. This pulse 
is described mathematically as 


R 
(input) Vj C== Vo (output) 


Fig. 5. Simple low-pass filter consisting of a resistor 
(R) and a capacitor (C). 


| 
| 
| 
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ORIGINAL NOTCH 
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T.(ms) j 
> a 
21.0 or 
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(ms) { 
s 0.1 or 
fae 55 
= T (ms) 
re) 0.5 1.5 2 


Fig. 6. Response of low-pass filter with different 6-decibel cutoff frequencies, f, meas- l 
ured in cycles per second, to triangular notch of duration JT. Duration T and time ¢ 


are measured in milliseconds. 


| 


for5 >t >0 
2 
0 tort > Tort <0 


The change in this pulse after it passes 
through the filter can be calculated on the 
basis of techniques of transient circuit 
analysis. The resulting output, Vo, is found 
to be 


where 


The result clearly depends on the param- 
eter a, which, in turn, is related to f.. 
Plots of Vo for a= 0.1, 1, and 10 are shown 


Je for 


in Fig. 6. For a fixed pulse duration the 
output falls as the width of the band is 
decreased. 

This effect is even more dramatic if the 
notch is superimposed on the ascending or 
descending portions of the R wave. Fig. 7 
illustrates this point. Here a notch of 2.5- 
milliseconds duration is shown superim- 
posed on an R wave which falls from its 
peak value to 0 linearly in 30 milliseconds. 


The notch is taken to have an amplitude 
of 10 per cent of that of the R wave. In 
part a the original signal is shown. The 


for >t >0 


fort > T 


notch itself is shown at the base line. It 
is interesting to observe that the notch, 
when superimposed on the R wave, under- 
goes an apparent reduction in amplitude. 
This effect is enhanced as the pulse dura- 
tion increases, and afiords an explanation 
for the results described in connection 


| 
—at | 
| 
) | 
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with F.>. 1,B in the text where moderate 
tremor .i the base line was not apparent 
in the © 8S. 

The <esults of parts b and ¢ are taken 
from daia in Fig. 6. For f, = 1,100 c.p.s. 
the notch is reproduced quite well (0), 
whereas for fe = 110 c.p.s. it is reduced 


1.04 
f, 
ORIGINAL ic fe Ocps 
SIGNAL 
w 
054 
w 
N 
3 
z 
« 
° 
z 
10 20 30 0 2 30 


TIME IN MILLISECONDS 
(b) 


Fig. 7. Response of low-pass filter to triangular 
notch of duration 2.5 milliseconds superimposed on 
descending R wave for various values of filter cut- 
off frequency, f,. (2) Original signal, or f, infinite; 
(b) f. = 1,100 c.p.s.; (c) fe = 110 c.p.s. Small pulse 
on base line represents the notch itself. 
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more or less to a slur (c). For f,= 11 c.p.s. 
there would be no discernible effect of the 
notch on the R wave; as a matter of fact, 
the R wave itself would be distorted. 

Whereas most systems have frequency 
responses which fall off more rapidly than 
6 decibels per octave, the present results 
are representative of those that would be 
obtained in general for a low-pass filter. 
As a rule of thumb, then, we conclude that 
to pass a notch without appreciable dis- 
tortion, a low-pass filter must have a 
6-decibel frequency f,, measured in cycles 
per second of 


2 2,500 
r T (ms) 
while for 
0.1 100 


the notch may be missed entirely. For in- 
termediate values, the pulse will be at- 
tenuated and distorted accordingly. 


Appendix Il. Statistical analysis of significance of high-frequency notching 


J. Alan Lauer, A.S.A.* 


Leads Vs, Ve, and the largest limb lead 
were studied in greater detail because it 
appeared that the differences in the data 
for the normal and abnormal groups were 
greatest for these leads. Simple mathe- 
matical curves were fitted to the data for 
these leads reported in Tables I, II, and 
III. These curves serve to smooth out the 
random fluctuations in the reported data 
and also provide a means to extrapolate 
the data for normal subjects in order to 
estimate the probabilities of normal people 
having a high number of notches. Two 
characteristics of the data created some 
difficulty in fitting these curves. These 
were the small number of groups for the 
normal subjects (a maximum of 4 groups 
because only 0, 1, 2, or 3 notches were 


*From the Actuarial Division, Provident Mutual Life Insur- 
ance Company of Philadelphia, Philadelphia, Pa. 


observed on any one of these leads), and 
the tendency to show about the same 
number of people with 1 notch as with 2. 

Exponential curves of the type Y = AB* 
were fitted to the distributions for the 
normal subjects of notches on each of the 
three leads, and also to the distribution for 
the normal subjects of the sum of the 
notches on the three leads. Third-degree 
curves (Y = ax? + bx? + cx + d) were 
fitted to the distributions for the abnormal 
subjects of notches on Lead V; and the 
largest limb lead, and second-degree curves 
(Y = ax?+ bx-+ c) were fitted to the dis- 
tributions for the abnormal subjects of 
notches on Lead Vez. and the sum of the 
notches on the three leads. The curves in 
all cases were fitted by the method of 
moments. 

The chi-square (x?) test was applied to 
these fitted curves in order to test the 


= 

\ 

| 

| 

| 


754 Langner, Geselowitz, and Mansure 


Table 1V. Probability of having a given number of notches on Lead V5, Lead V6, or the largest 
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limb lead 
: Lead V; | Lead V, | Largest limb lead 
Number of | | | 
notches | | | 
| Normal | Abnormal | Normal | Abnormal Normal | Abnormal 

0 .8454 .3561 .9048 . 3628 .6944 2508 
1 .1307 .2061 .0861 . 2636 2122 
2 .0202 . 1904 .0082 .1799 .0648 .2019 
3 .0031 . 1839 .0008 .1119 .0198 .1739 
4 or more .0006 .0635 .0001 .0818 .0088 . 1514 


Table IVA. Probability of having a given 
total number of notches on Lead V3, Lead 
Ve, and the largest limb lead 


Number of notches Normal Abnormal 
0 .6211 .1078 
1 2353 .1101 
2 .0892 . 1104 
3 .0338 . 1086 
4 .0128 .1047 
5 .0049 .0989 
6 .0018 .0911 
7 or more .0011 . 2684 


Table V. Probability* that a person with a 
given number of notches on Lead V5, Lead 
Ve, or the largest limb lead falls in the abnor- 
mal class 


Number of Largest 
notches Lead V; Lead Vz limb lead 
0 04 04 04 
1 25 .10 
2 | by .26 
3 .87 .94 .49 
4 or more .93 .99 .65 


*From a statistical point of view, these probabilities apply only 
in the hypothetical situation in which no information is 
known except the number of notches on the specified lead 
or, in the case of Table VA, the sum of the notches on the 

three leads. 


reasonableness of the fit. The test indicated 
an acceptable fit for Lead V; of the normal 
subjects, largest limb lead of the abnormal 
subjects, and the combination of the three 
leads for the normal subjects, and an excel- 
lent fit in the remainder of the cases, except 


Lead Vz, of the normal group. In this last 
instance it was not possible to apply the 
test since there were only three groups 
(0, 1, or 2 notches), and two of them were 
very small. However, the fitted curve 
appears to be a reasonable one for esti- 
mating the probability of a normal person 
having more than 2 notches on this lead. 

Probabilities that a member of the 
normal or abnormal group would show a 
given number of notches on a given lead 
or the combination of three leads were 
determined from the fitted curves. These 
probabilities are shown in Tables IV and 
IVA. 

In order to determine the probability 
that a person with a given number of 
notches does or does not have coronary 
heart disease, it was necessary to estimate 


Table VA. Probability* that a person with a 
given total number of notches on Lead Vs, 
Lead V¢, and the largest limb lead falls im 
the abnormal class 


Number of notches Probability 

0 .02 
1 .05 
2 
3 .26 
4 48 
5 

6 

7 or more .96 


*From a statistical point of view, these probabilities apply only 
in the hypothetical situation in which no information is 
known except the number of notches on the specified lead 
or, in the case of Table VA, the sum of the notches on the 
three leads. 
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Table \ |. Expected distribution* of 1,000 people according to the number of notches on each of 


Lead \., Lead V¢, and the largest limb lead 
| Lead V; | Lead V. Largest limb lead 
Number of 
noicnes | 
| Normal Abnormal Normal Abnormal Normal Abnormal 
0 760.9 35.6 814.3 36.3 625.0 25.1 
1 117.6 20.6 7.5 26.3 191.0 222 
2 1882 19.0 7.4 18.0 58.3 20.2 
3 2.8 18.4 17.8 174 
4 or more 6.4 8.2 15.1 
Total 900.0 100.0 900.0 100.0 900.0 100.0 


*Based on same assumptions as Tables V and VA. 


the proportion of the population from which 
these samples were drawn which would fall 
in the abnormal class. A study of the health 
records of the employees in the Home 
Office of the Provident Mutual Life In- 
surance Company indicates that 10 per 
cent would be a reasonable estimate of 
this proportion. On the basis of this pro- 
portion and the probabilities in Tables IV 
and IVA, the probabilities in Tables V 
and VA were calculated. These tables 
support the conclusion in the paper that 
any member of the population represented 
by this study who shows more than 2 
distinct high-frequency notches and/or 
slurs on any one of the three leads in ques- 
tion, or a total of more than 4 such high- 
frequency components on these three leads, 
is very likely to have coronary heart 
disease. 

Tables VI and VIA were derived as a 
byproduct of Tables V and VA and are 
shown here as a matter of possible interest. 
They show for a random sample of 1,000 


Table VIA. Expected distribution* of 1,000 
people according to total number of notches 
on Lead Vs, Lead Ve, and the largest limb 
lead 


Number of notches Normal Abnormal 

0 559.0 10.8 
1 211.8 11.0 
2 80.3 11.0 
3 30.4 10.9 
4 11.3 10.5 
5 4.4 9.9 
6 1.6 9.1 
7 or more 1.0 26.8 

Total 900.0 100.0 


*Based on same assumptions as Tables V and VA. 


people the expected number of people in 
the normal and abnormal classes with a 
given number of notches, based on the 
same assumptions as Tables V and VA. 
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Morphology of 


the human atrioventricular node, 
with remarks pertinent to its electrophysiology 


Thomas N. James, M.D. 
Detroit, Mich. 


he electrophysiology of the atrio- 

ventricular node and bundle of His 
has been the subject of numerous recent 
interesting investigations.!*2 As a result 
of these studies, two unsettled questions 
have emerged: (1) whether there is a sys- 
tem of dual transmission in this region, 
and (2) the nature of the slight delay in 
conduction observed in or near the A-V 
(atrioventricular) node. Morphologic re- 
search in this field has not kept pace with 
the elegant physiologic studies. This is a 
report of morphologic observations on the 
A-V node and its environs, in which par- 
ticular attention was focused on those 
details which could contribute to a better 
understanding of its electrophysiology. 


Material and Method 


Eighty-one hearts from human subjects 
were studied. Three of the 81 were from 
infants, ‘whereas the remainder were from 
adults who were between 18 and 82 years 
of age. Both normal and abnormal hearts 
were included: One or more electrocardio- 
grams kad been recorded in 76 of the 
subjects. shortly before death. 

For examination of the A-V node a bloc of 
tissue which extended from the noncoro- 
nary sinus of the aorta to the epicardium 


of the crux of the heart was removed; 
this bloc included at least 2 cm. of the 
interatrial and the interventricular septa. 
From this bloc of tissue, slices 2 mm. thick 
were cut perpendicular to the atrioven- 
tricular valve rings, which is also perpen- 
dicular to the junction of the interatrial 
and interventricular septa. From the aortic 
end of the bloc the first 6 to 10 slices usu- 
ally included the undivided A-V bundle 
and the A-V node. Both of these structures 
may sometimes be seen with the naked 
eye, since they are located beneath the 
right atrial endocardium just posterior to 
the membranous portion of the _inter- 
ventricular septum.**:*4 

As with the sinus node, which was also 
studied in each case, a variety of stains 
was employed but the most useful proved 
to be the Goldner modification of the Mas- 
son trichrome.*® Photomicrographs were 
obtained with a Zeiss photomicroscope. 


Results 


For a representative concept of its shape, 
the A-V node of the human being may be 
thought of as a flattened oblong structure, 
concave on one side and convex on the 
other, somewhat like a tiny spleen (Figs. 
1 and 2). The concave surface lies directly 
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Fig. 7. A schematic drawing of the human A-V 
node, illustrating its relationship to the two atrio- 
ventricular valves and the interatrial and inter- 
ventricular (including its membranous portion) 
septa. The A-V bundle divides into a single right 
bundle branch and multiple left bundle branches, 
as usual. Fibers from the central interatrial septal 
tracts and from the Eustachian ridge enter the 
posterior superior margin of the node, and also 
form bypass tracts, as described in the text. Note 
that some of the bypass tract fibers re-enter the 
inferior margin of the node, and that some terminate 
at the base of the tricuspid valve; rarely, some 
penetrate directly into the crest of the interven- 
tricular septum. 


on the right atrial side of the central 
fibrous body, which is the anchor of the 
mitral annulus. The average dimensions of 
the A-V node in an adult human being are 
approximately 1 by 3 by 6 mm., but there 
is considerable variation in its size. 

The posterior and superior margins of 
the node receive fibers from adjacent atrial 
myocardium. From the anterior and inferior 
margins of the node a bundle of parallel 
fibers (the bundle of His) come together 
and veer into the middle of the central 
fibrous body, at the same time descending 
toward the interventricular septum. In the 
central fibrous body the bundle of His 
measures about 1 mm. on cross section. 
When the bundle of His reaches the crest 
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of the interventricular septum it becomes 
roughly triangular in cross section. It 
continues anteriorly to divide into the 
right and left bundle branches. The precise 
course of these branches has been well 
defined in several animals (notably the 
cow and sheep) but is more difficult to 
trace in man. 

Within the center of the A-V node there 
is usually a major artery, but this is less 
constant in either its presence or its cen- 
tral location than is the sinus-node artery.*® 
The substance of the node is almost entirely 
a profusely ramifying and _ interlacing 
group of striated fibers, which are shorter 
and broader than sinus-node fibers (Fig. 3). 
There is little collagen matrix in the A-V 
node, in contrast to the heavy concentra- 
tion of collagen in the normal sinus node. 
At the anterior inferior end of the node the 
interlacing fibers become oriented parallel 
to each other to form the A-V bundle. 

Two groups of fibers from the interatrial 
septum enter the A-V node from above 
and behind. The first group courses down 
the center of the interatrial septum and 
divides into two tracts just above the node. 
The larger tract passes directly into the 
node; the smaller tract deviates toward the 
right atrial endocardium. The _ second 
group of fibers comes primarily from the 
Eustachian ridge and also divides into two 
small tracts; one tract continues down the 
right atrial endocardium, bypassing the 
A-V node, whereas the other tract turns 
centrally to join the central septal fibers 
entering the posterior superior portion of 
the node. There is a decussation of tracts as 
the fibers from the Eustachian ridge turn 
centrally to cross those from the septum 
which turn toward the right atrial endo- 
cardium (Fig. 4). The septal tracts which 
turn to the right atrial endocardium join 
with the tracts from the Eustachian ridge 
which bypass the A-V node (Figs. 5 to 11). 

There are numerous Purkinje fibers 
(Fig. 12) in all these tracts but also ordi- 
nary-appearing myocardial fibers which do 
not possess these characteristics. In the 
tracts descending from the Eustachian 
ridge down the right atrial endocardium 
around the A-V node there are numerous 
Purkinje fibers. These ‘“‘bypass’’ tracts 
divide as they descend to the base of the 
tricuspid valve, which is virtually always 
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Fig. 3. Four views demonstrating the central architecture of the normal human A-V node. A, From a 60- 
year-old man. B, From a 56-year-old woman. C and D, From a 57-year-old man. Note the interconnections and 


arborizations. (All stained with Goldner trichrome. A, X64; B, X 160; C, X64; and D, X 400 [oil]. ) 
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Fig. 4. A view of the region between the lower interatrial septum and 
upper A-V node from the heart of a 49-year-old man. Decussation of the inter- 
atrial septal tracts which turn toward the endocardium, and of the tracts 
from the Eustachian ridge which turn toward the upper margin of the A-V 
node are well shown. The bypass tracts (BPT, here and in subsequent photo- 
micrographs) pass vertically down the left margin of the photomicrograph, 
between the A-V node and right atrial endocardium. 


below the level of the A-V node and con- 
siderably below the attachment of the 
mitral valve (on the opposite side of the 
central fibrous body). The two major 
divisions of the bypass tracts are into one 
group which re-enters the inferior margin 
of the A-V node, and a second group which 
terminates, often in a whorl, at the base 
of the tricuspid valve. Rarely, a few fibers 
from the bypass tracts penetrate directly 
into the crest of the interventricular sep- 
tum; these were present in one heart from 
an adult and one heart from an infant in 
this study (Fig. 13). The only other direct 
communication of atrial with ventricular 
fibers, not passing through the A-V node, 
was encountered posterior to the A-V node 
in the hearts of two adults; these passed 
from central interatrial septal tracts di- 
rectly through to the crest of the inter- 
ventricular septum. 

The posterior margin of the A-V node 
is never far from the opening of the coronary 
sinus, and sometimes directly abuts it. 
_ The anterior margin of the A-V node is 
almost inseparable from the A-V bundle, 
the most convenient distinguishing feature 
being the point at which the fibers cease 
interlacing and become parallel, a point 


at which the structure also veers centrally 
into the central fibrous body. The bundle 
continues for about 10 mm. in its descent 
to the crest of the interventricular septum 
before it begins dividing. This descent of 
the A-V bundle occurs along the posterior 
inferior margin of the membranous inter- 
ventricular septum (Fig. 1). 


Discussion 


The microscopic anatomy of the normal 
human A-V node may help explain certain 
aspects of the electrophysiology of A-V 
conduction. Two pertinent anatomic fea- 
tures are the bypass tracts in the right 
atrial endocardium, and the profuse arbori- 
zation of the fibers composing the node 

Vitself. This latter feature is well known.” 

In Kistin’s*® study of the morphology of 
the A-V node, he noted the region here 
referred to as bypass tracts but stated that 
this was ordinary atrial myocardium. In 
at least half of the present cases, however, 
this region was predominantly composed of 
well-defined Purkinje fibers. Since sections 
were made only at 2-mm. intervals, the 
possibility that all of the hearts contain 
Purkinje fibers in these bypass tracts can- 
not be excluded. 
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Fig. 6. Two views of the A-V node and bypass tracts from the heart of a 64-year-old man. Orientation in 
A is similar to that in Fig. 5,4 ; this photomicrograph is of the upper portion of the node. In B the comparative 
sizes of the large Purkinje fibers in the bypass tracts and the small fibers in the A-V node are well shown. (Both 


are stained with Goldner trichrome. A X25; B X64.) 


It is widely accepted that rapid conduc- 
tion occurs in Purkinje fibers*®:*°; whether 
rapid conduction may also occur in fibers 
not possessing this morphology is uncertain. 
Thus, the absence of Purkinje fibers in 
the right atrial endocardial bypass tracts 
of some human hearts prevents one from 
assuming that all these tracts conduct 
rapidly, but it does not exclude the possi- 
bility. 

If the bypass tracts do conduct rap- 
idly, as the presence of Purkinje fibers 
suggests, they are an obvious route by 
which an impulse may circumvent the 
A-V node. Such an impulse could re-enter 
the inferior margin of the node and bypass 
directly to the A-V bundle. If there is 
dual conduction in the bundle, such a 
premature arrival of a bypassing impulse 
might produce premature excitation of one 
of the bundle branches, especially the right. 
However, with current techniques, no 


morphologic characteristic has been found 
that suggests dual conduction in the A-V 
bundle, which, instead, appears to be a 
uniform sheath of similar fibers. Its mor- 
phology does not exclude such a physiologic 
possibility. 

A large number of the hearts in this study 
were from patients in whom extensive 
electrocardiographic studies had been 
made, including electrocardiograms twice 
daily for as long as 2 weeks. In none of 
these patients were there any electrocardio- 
graphic changes that suggested the Wolff- 
Parkinson-White phenomenon, although, 
anatomically, most of them had bypass 
tracts which contained Purkinje fibers. It 
is obvious that the presence of such tracts 
does not mean that they regularly carry 
an impulse around the A-V node to excite 
the A-V bundle prematurely. Therefore, 
it must be assumed that their function of 
rapid conduction and bypass of the A-V 
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node, i! it exists, is intermittent. This is 
not incompatible with current electro- 
physiologic observations. 

In their study of the physiology of A-V 
conduction, Moe and co-workers!® postu- 
lated a dual A-V conduction system, the 
tracts of which communicated with each 
other. They proposed that impulse cancel- 
lation could occur through these communi- 
cations, rendering one of the pathways in- 
operative. This is entirely consonant with 
the morphology described here; such can- 
cellation conceivably occurs at several 
points. The first of these is at the posterior 
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margin of the node, where tracts from the 
interatrial septum and from the Eustachian 
ridge meet or decussate. The second is at 
the junction of the bypass tracts with the 
inferior margin of the node. However, to 
presume cancellation at the latter point, 
it would be necessary for the impulses 
passing through the node and through 
the bypass tract to travel at approximately 
the same speed. Otherwise, more rapid 
conduction in the bypass tract would pro- 
duce excitation of the A-V bundle before 
the impulse through the A-V node could 
arrive there; in such a case simultaneous 


Fig. 7. Three views of the A-V node and bypass tracts from the heart of a 75- 
year-old man. Orientation in A is similar to that in Fig. 5,A. In B the Purkinje 
characteristics of fibers in the bypass tracts are shown. In C (on page 764) 
the bypass tracts (BPT) are shown terminating at the base of the tricuspid 
_ valve (TV). (All stained with Goldner trichrome. A, X25; B, 160; and 
C, X10.) 


Fig. 7,C. (For legend see page 763.) 


spread of the impulse both down the A-V 
bundle and back up the A-V node might 
cause retrograde cancellation in the latter. 
Finally, in some A-V nodes there is an 
outer layer of relatively straight non- 
anastomosing fibers; an impulse traveling 


Fig. 8,A. (For part B and legend see top of page 765.) 


Am. Heart J, 
December, 1961 


in them might reach the inferior margin 
of the node at the same time that an im- 
pulse via the bypass tracts did, which 
would produce cancellation. 

Although numerous observers have 
documented a delay in A-V _ conduction 
which occurs in the region of the A-V 
there is some _ debate 
whether this occurs in the node or at the 
atrionodal junction. Morphologically, there 
is nothing about the tracts in the inter- 
atrial septum or Eustachian ridge near the 
A-V node which would suggest decelerated 
conduction. The structure of the node, 
however, suggests a mechanism of delay 
there. If one can presume that impulse 
cancellation may occur when two juxta- 
nodal tracts meet,!® the same type of 
cancellation may occur within the node. 

With the exception of a few relatively 
straight fibers in the outer layer of the 
node, all the other fibers are short and 
ramify to anastomose with each other pro- 
fusely. An impulse entering such a laby- 
rinth of pathways must be divided and 
rerouted many times, even if conducted 
without interruption. If a divided impulse 
follows fibers which later rejoin, cancella- 
tion may occur. This circuitous pathway 
of an impulse wandering within the node 
is supported by the observations of Pruitt 
and Essex,2° who noted a broad “hump” 
in electrograms recorded from the node, 
in contrast to a sharp biphasic spike in 
those from the A-V bundle. Similar wide 
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Fig. 8. Two views of the A-V node and bypass tracts from the heart of a 
53-year-old man. Orientation is similar to that in Fig. 5,4. A Purkinje fiber 
from the bypass tract is shown in B. (Both stained with Goldner trichrome. 
A, X25; and B, X 160.) 


Fig. 9. Views of the A-V node and bypass tracts from two different hearts. A is from the heart of a 29-year- 
old woman, and B is from the heart of a 44-year-old woman. The relationships of the bypass tracts and the 
A-V node are well shown in A. In B some of the bypass tract fibers are cut transversely and others obliquely 
or longitudinally; this variation in course is not unusual. Also, in B a few of the fibers in the middle of the node 
seem to be descending directly instead of arborizing frequently; this is unusual. (Both stained with Goldner 
trichrome. A, X10; and B, X25.) 


| 
Ky 
i 


766 James 


Septem 


To base ad 
of valve af 
Join av. 
node 

rey 

Direct 
rg penetration 
R 


Ventricular Septum 


Fig. 10. A drawing from a representative cross 
section of a normal human A-V node, with its rela- 
tionships to the bypass tracts. Orientation is the 
same as in Figs. J, 2, and //. 


complexes have been recorded from the 
A-V node by Scher and his colleagues.?’ 

Such a slowing of the normal impulse 
when it arrives in the A-V node, with the 
possibility of a rapid bypass tract parallel 
to the node, is the reverse of the suggested 
dual system of Moe and his colleagues.!® 
In their proposal it was the normal path- 
way which conducted rapidly, whereas the 
conduction in the bypass tract was de- 
layed. Because of a postulated delay in 
the bypass tract, they were unable to 
employ their hypothesis to explain the 
Wolff - Parkinson - White syndrome, al- 
though they could explain reciprocal 
rhythm and paroxysmal supraventricular 
tachycardia. By means of their same rea- 
soning, the present findings on the mor- 
phology of the node and its environs can 
be used to explain all three of these elec- 
trocardiographic phenomena, since the 
present findings suggest that conduction 
would usually be more rapid in the bypass 
tract than in the A-V node. 

Additionally, if conduction delay does 
occur within thé node because of multiple 
cancellation, it is possible to explain both 
accelerated and delayed A-V conduction 
through an injured A-V node. If the injury 
is focal, normal cancellation or deviation 
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of the impulse in the interconnecting fibers 
may be prevented, and conduction may 
occur in a straighter, more direct route. 
This is illustrated by the finding of both 
shortened and prolonged A-V conduction 
in acute posterior myocardial infarction. 
The supply of blood to the crux of the 
heart, which is compromised in true pos- 


‘terior infarctions, is also the supply of 


blood to the human A-V node.*!:? 

In the same manner, focal lesions within 
the node can establish a dual conduction 
system, even without consideration of the 
bypass tracts. It has been postulated above 
that the normal delay in A-V conduction 
occurs within the A-V node and is caused by 
a multiple cancellation effect. If focal dis- 
ease within the node involves predomi- 
nantly one half, the other half would still 
be subject to the normal amount of this 
interference in conduction, whereas the 
diseased half may have a sufficient number 
of interconnections removed to permit a 
more direct conduction of an impulse (Fig. 
14). From this postulated basic division 
of conduction within the labyrinthine 
internal structure of the pathologic node, 
one may construct explanations for recip- 
rocal rhythm and the Wolff-Parkinson- 
White phenomenon in the same manner as 
with the dual conduction system hypoth- 
esis of Moe and others.'* It is not so 
strange that an impulse in the normal A-V 
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Fig. 11. A schematic chart indicating the pathways 
which an impulse may follow from the sinus node 
to the A-V bundle, including the alternative route 
bypassing the A-V node. This chart supplements the 
data presented in Figs. f, 2, and £0, 
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Fig. 12. A group of Purkinje fibers from the subendocardium of the Eusta- 
chian ridge, depicting the classic characteristics of these fibers. Compare to 
the Purkinje fibers shown from the bypass tracts in the preceding figures. 
(Goldner trichrome stain, < 160.) 


node sometimes becomes delayed or ac- 
celerated, but that it is normally trans- 
mitted with such regularity and consis- 
tency. 

Although the present findings do not 
exclude the possibility of other mecha- 
nisms of production of the Wolff-Parkinson- 
White syndrome,* for example, conduction 
through a bundle of Kent, they make it 
unnecessary to employ such an explana- 
tion. It is significant that Purkinje fibers 
have not been described in instances in 
which a Kent bundle was identified; the 
bundle has always consisted of ordinary 
myocardium.‘ Even though fibers which 
have the appearance of ordinary myo- 
cardium may be capable of rapid conduc- 
tion (as in the human A-V bundle), that 
possibility has never been proved in man. 
Evidence from electrocardiographic’ and 
vectorial studies is at the very best, quite 
indirect. It would lend support to the 
bundle-of-Kent theory if someone would 
demonstrate Purkinje fibers in a bundle 
of Kent, since there is good evidence that 
Purkinje fibers conduct at a rapid rate. 

If electrophysiologic studies confirm that 
the bypass tracts described here actually 
do operate as an alternate A-V conduction 
system, then additional considerations will 
be necessary in regard to the exact function 
of the A-V node. The suggestion has al- 


ready been made that it may only be an 
alternate pacemaker which otherwise has 
no function.!§ The suggestion has also been 
made that it is an electronic oscillator 
which feeds impulses into the A-V bundle 
at the same rate as does a neighboring 
dominant oscillator, the sinus node.’ These 
and similar theories will require more care- 
ful examination. 

Certain phylogenetic considerations lend 
credibility to the significance and function 
of these human bypass tracts. In the 
Hunterian Lecture of 1942, Davies pre- 
sented his results of a study of the conduct- 
ing system of vertebrate and avian hearts. 
Both Davies and Sir Arthur Keith had 
long been interested in the conduction 
system of birds because of certain func- 
tional requirements due to their rapid 
heart rate; the average heart rate of a 
canary is 1,000 beats per minute. The tri- 
cuspid valve, which is a delicate fibrous 
structure in mammals, is a strong muscular 
ring in birds. Because of the rapid ventric- 
ular rate in the bird, it is necessary for the 
tricuspid valve to close actively by muscu- 
lar contraction, rather than passively, as 
in the mammal, in order to prevent retro- 
grade regurgitation of ventricular blood. 
For this to happen, there must be a more 
rapid conduction of the sinus impulse to 
the muscular tricuspid ring than to the 
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Fig. 13. Photomicrograph of the lower A-V node 
and upper interventricular septum from the heart 
of an infant. Some of the bypass tract fibers con- 
tinue directly into the septum (arrow). Although 
only a few hearts from infants were studied, this 
finding does not seem to be uncommon in these 
hearts, suggesting that fibrous demarcation between 
atria and ventricles is more distinct in the adult 
heart. (Goldner trichrome stain, 25.) 


Fig. 14,A. (For parts B and C and legend see opposite page.) 
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ventricular myocardium, and it was the 
pathway of this impulse which Davies de- 
fined. Although there are some differences 
between the disposition of this bypass tract 
in birds and that in man (as there are also 
differences in the topography of the A-V 
node), there are also basic similarities. In 
particular, the termination of some of the 
bypass tract fibers at the base of the tri- 
cuspid valve in man are suggestively sim- 
ilar. What the function of these fibers near 
the tricuspid valve is in man can only be 
conjectured at the present time. If they 
carry impulses at all, one must even con- 
sider whether they carry impulses to or 
away from the tricuspid ring. 

In addition to Davies’ observations in 
birds, de Carvalho and de Almeida® have 
described a somewhat similar structure 
in the rabbit, which they designate the 
stnoatrial ring bundle. They believe that 
this structure can undertake pacemaker 
functions, and emphasize its regular termi- 
nation over the atrial border of the atrio- 
nodal junction. Speculating that this ring 
was a remnant of the embryonic A-V ring, 
they suggest that it may contribute certain 
delaying properties to A-V conduction. 
Whether this reasoning may be applied to 
A-V nodal electrophysiology in man re- 
mains to be determined. The frequency of 
the Wolff-Parkinson-White phenomenon in 
Ebstein’s anomaly" suggests that this may 
be a human analogy. 
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In the dog a large mass of fibers is pres- 
ent between the A-V node and the right 
atrial endocardium (Fig. 15). Whether 
these /:inction as a bypass tract is unknown. 
Most electrographic studies in this region 
of canine hearts have employed either 
plunge electrodes inserted into the A-V 
node or surface electrodes sutured directly 
to the right atrial endocardium. Both of 
these methods may injure the bypass 
tracts of the dog, if they exist. Studies 
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employing nontraumatic electrodes are 
needed to record electrograms from the 
endocardium over the A-V node which can 
be compared with simultaneous records 
obtained from within the node (perhaps 
by means of a plunge electrode placed 
from the left atrial side). These should 
help elucidate the problem of whether im- 
pulses travel in a bypass tract, and what 
the relation of such conduction is to elec- 
trical activity in the A-V node. 


Fig. 14. Photomicrographs of the pathologic A-V nodes from two patients 
with (A) hemachromatosis and (B and C) hypernephroma metastatic to the 
A-V node. The disruption of normal interconnection of fibers is apparent. 
(A, Iron reaction counterstained with safranin, X205; B, PAS, X64; C, Goldner 


trichrome, X 160.) 


3 


Fig. 15. Photomicrograph of the A-V node and 
bypass tract in a dog. Orientation is similar to the 
views of the human hearts. (Goldner trichrome 
stain, X10.) 


Summary 


The morphology of the A-V node and its 
environs in man was studied in 81 hearts. 
Between the node and the endocardium 
of the right atrium are Purkinje fibers 
which may function as bypass tracts, al- 
lowing an impulse from the sinus node to 
circumvent the A-V node. This alternate 
pathway lends support to recent electro- 
physiologic studies which have suggested 
such a dual conduction system. 

Because of the profuse interconnections 
of the normal A-V node fibers, the sug- 
gestion is made that the slight delay in 
impulse conduction observed in this region 
may be a-multiple cancellation effect within 
the node. The same morphologic feature 
may conceivably combine with focal nodal 
disease to produce dual conduction inside 
the A-V node. 
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Electrocardiographic alterations 


after neurosurgical procedures 


David Finkelstein, B.S., M.D.* 
Adan Nigaglioni, B.S., M.D.** 
Philadelphia, Pa. 


he influence of the central nervous 

system on the function of other sys- 
tems has been the subject of extensive 
investigation. In this respect the cardio- 
vascular system has received considerable 
attention, at both the experimental and 
the clinical levels. In particular, electro- 
cardiographic changes have been reported 
in a variety of abnormal cerebral states, 
especiaily after cerebrovascular accidents.!-4 
Electrocardiographic changes have been 
observed in the course of experimental 
stimulation of various cortical and sub- 
cortical areas of the brain,®.* and in the 
course of experimental trauma and cere- 
bral compression.’~® 

Reports have appeared concerning the 
electrocardiographic changes during var- 
ious operative and diagnostic neurosurgical 
procedures.!°-'3 The changes recorded in 
these clinical studies relate mainly to 
changes in blood pressure and disturbances 
in cardiac rhythm. 

During the last 2 years we have been 
impressed with the frequent and striking 
electrocardiographic changes which occur 
after diagnostic, operative, and combined 
neurosurgical procedures. In contrast with 
previously reported observations, our find- 
ings consisted mainly of prolongation of 
Q-T and alterations in the T and U waves. 
Arrhythmias were not a common finding 
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in this study. We report these observations 
in the hope that they may help elucidate 
the complex regulatory mechanism of the 
central nervous system on the function 
of the cardiovascular system. 


Material and methods 


A total of 37 consecutive patients were 
studied during the period from November, 
1958, to May, 1960. The procedures per- 
formed on these patients are listed in 
Table II. 

Each patient had a complete 12-lead 
electrocardiogram preoperatively on the 
day preceding the neurosurgical procedure. 
Postoperative tracings were taken on an 
average of 2 to 4 hours after completion 
of the procedure, and, in most instances, 
for several days subsequently. In a few 
subjects, stabilization of the electrocardio- 
gram or return to the preoperative state 
did not occur for several weeks. These 
patients were followed up by the taking of 
frequent tracings. A notation was made 
concerning the state of nutrition of each 
patient prior to hospitalization, occurrence 
of vomiting, presence or history of cardio- 
vascular disease, and administration of 
drugs known to alter the electrocardiogram. 
Serum sodium and potassium were deter- 
mined by the flame photometric method." 
Serum chloride was determined by the 
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titraf::0 method. Calcium was deter- 
minec by the Clark-Collip method, and 
phosshorus, by the Fiske-Subbarrow 
methed.!*!7 The range of normal for this 
laboratory is as follows: chloride, 94 to 
108 mEq. per liter; sodium, 134 to 144 
mEq. ver liter; potassium, 3.5 to 5.3 mEq. 
per liter; calcium, 9 to 11.5 mg. per cent; 
and phosphorus 2.5 to 4.5 mg. per cent. 

The ventriculograms and pneumo- 
encephalograms were obtained by the re- 
placement method, employing local anes- 
thesia for the ventriculograms and general 
anesthesia for the pneumoencephalograms. 

We studied each electrocardiogram sep- 
arately. The degree of prolongation of Q-T 
was determined for the preoperative and 
for each of the postoperative tracings. This 
was accomplished by comparing the actual 
Q-T interval with the predicted Q-T inter- 
val as determined by the formula of 
Bazett.!8 The Q-T interval was obtained 
from the precordial leads since Leads V2, 
V;, and V4 gave the clearest demarcation 
of the end of the T wave. At times the U 
wave merged with the terminal limb of the 
T wave. In these cases no attempt was 
made to separate the Q-T interval from 
the Q-U interval. The Q-T interval was 
considered to be significantly prolonged 
when its duration exceeded 20 per cent 
of its predicted value. 

Table I summarizes pertinent clinical 
information concerning each of the subjects. 
The preoperative clinical cardiac evalua- 
tion, including determinations of blood 
pressure, electrocardiogram, and chest 
x-ray film, was normal for the entire group 
except for 3 patients. Patients 17 and 35 
had hypertension and cardiac enlarge- 
ment; Patient 21 had coronary artery 
disease. These 3 patients had abnormal 
electrocardiograms. 


Results 


The ages of our patients ranged from 6 
weeks to 68 years, with an average of 38.7 
years. There were 17 female and 20 male 
patients. 

Table II tabulates the incidence of the 
electrocardiographic alterations after the 
various neurosurgical procedures. 

The three most prominent and frequent 
changes consisted of prolongation of the 
Q-T interval, alterations in the T wave, 


and prominence of the U waves. There 
were 17 patients who showed Q-T pro- 
longation as determined from the formula 
of Bazett. The increase ranged from 5.3 
to 107 per cet, with an average increase 
for the entire group of 42.6 per cent. Q-T 
prolongation of a significant degree (20 per 
cent or more) occurred in 15 patients, for 
an incidence of 41 per cent. Of the various 
procedures, Q-T prolongation was ob- 
served most frequently in those patients 
who were undergoing a craniotomy with 
or without ventriculography. Of 12 such 
patients, significant prolongation was ob- 
served in 7, for an incidence of 60 per cent. 
The measured Q-T interval exceeded the 
predicted Q-T interval in the prepro- 
cedural electrocardiograms by 20 per cent 
in only 2 patients. These 2 patients showed 
additional prolongation of a significant de- 
gree after the neurosurgical procedure. 

The T-wave alterations ranged from a 
significant decrease in amplitude of the 
T wave to partial inversion. This occurred 
in 28 patients, for an incidence of 76 per 
cent. The altered T waves were frequently 
widened, which suggested incorporation of 
the U wave. It is to be noted that 3 patients 
had abnormalities of the T waves before 
the procedure. In Patient 35 the T waves 
were originally inverted and became up- 
right after pneumoventriculography. The 
inverted T waves in Patient 21 became 
more deeply inverted after craniotomy. 
Patient 17 originally showed flattening of 
the T waves, and there was no change 
after pneumoventriculography. Patient 25 
had a normal electrocardiogram and, after 
a craniotomy for metastatic malignancy, 
developed ECG changes compatible with a 
subendocardial myocardial infarction. 

Prominence of the U wave was not pres- 
ent in any of the tracings taken preopera- 
tively, and developed in 18 patients after 
the procedure, an incidence of 48.7 per 
cent. It was particularly prevalent after 
pneumoencephalography and craniotomies. 

The fourth most frequent finding was 
a pronounced sinus arrhythmia which oc- 
curred in over one third of the patients 
who underwent ventriculography and pneu- 
moencephalography. 

Other alterations in the electrocardio- 
grams were not a prominent finding in our 
cases and are listed in Table II. 
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Table 11. Incidence of ECG alterations after various neurosurgical procedures 


Preop- Pneumoen- | Ventric- Pneumoven- | Ventriculo-| Crant- Per 
| erative intial ulography | triculography | craniotomy | otomy Total | cent 
| 

Number of 

patients 37 13 10 2 5 7 37 100.0 
Alterations in 

T wave 3 8 8 2 4 6 28 75.6 
Prominent 

U wave Q- 7 2 1 4 4 18 48.6 
Prolongation of 

Q-T interval 2 6 4 0 4 3 17 45.9 
Sinus arrhyth- 

mia 0 5 3 0 1 0 9 24.3 
Alterations in 

P wave 1 2 1 0 2 1 6 16.2 
Changes in QRS 

electrical axis 0 1 2 1 1 1 6 16.2 
Alteration in 

S-T segment 0 1 1 0 2 2 6 16.2 
Sinus brady- 

cardia 0 2 2 0 1 0 5 13.5 
Sinus tachy- 

cardia 0 0 1 0 4 0 5 13.5 
Extrasystoles 0 3 2 0 0 0 5 13.5 
Large upright 

T wave 0 1 0 0 1 0 2 5.4 
Low QRS 

voltage 0 0 0 0 1 0 2 +4 

_ Coronary sinus 
rhythm 0 1 0 0 0 0 1 Fe 


The duration of the electrocardiographic 
changes ranged from 2 to 6 days; in a few 
patients the alterations persisted for a 
longer period of, time. 

Examples of the chief electrocardio- 
graphic abnormalities are shown in Figs. 
1 to 4. 


Discussion 


In contrast to the previously reported 
alterations in the electrocardiogram after 
cerebrovascular accidents and surgical re- 
moval of brain tissue,!~*!° the analysis of 
the changes in patients who underwent air 
studies provided a less complex and more 


physiologically intact setting for studying 
cerebrocardiac relationships. 

In considering the possible cause or 
causes of the electrocardiographic changes 
observed in our material, several possi- 
bilities have to be considered. The elec- 
trocardiographic changes observed simu- 
late alterations frequently associated with 
disturbances of electrolyte balance. Elec- 
trolyte disturbances have been implicated 
by some workers as a possible explanation 
for the electrocardiographic changes which 
follow cerebrovascular accidents.2 Other 
investigators have presented evidence 
against this concept.* In reviewing our 
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mater... we were unable to demonstrate Some authors have attributed the elec- 
any c relation between the depletion of trocardiographic changes which follow cere- 
serum -iectrolytes and the changes in the brovascular accidents to primary myo- 
electro ardiogram. The possibility, how- cardial alterations of ischemic origin in- 
ever, iat some of the changes in the elec- volving the subendocardial layers of the 
trocarciogram are a reflection of altera- myocardium and frequently engrafted on 
tions 1: electrolytes at the cellular level previously existing coronary artery dis- 
cannot be discarded. ease.*!® This explanation is much less 


Fig. 1. Patient 19. The preoperative tracing of April 7, 1959, is normal. The 
second tracing was taken 2 hours after completion of the pneumoencepha- 
logram. Note the marked prolongation of the Q-T interval (61.7 per cent), 
the inclusion of the U wave on the descending limb of the widened T wave, 
sinus arrhythmia, coronary sinus rhythm in Lead II, and an extrasystole in 
Lead Vi. The tracing of April 10 has returned to normal. The preoperative 
and postoperative serum electrolytes were normal. 
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Fig. 2. Patient 34. The preoperative electrocardiogram taken on May 5, 1960, is normal. 
On May 6, 2 hours after a craniotomy for partial removal of a left frontal lobe dermoid 
cyst, the electrocardiogram revealed marked diminution in the amplitude and notching 
of the T waves in the precordial leads. The tracing returned to normal by the fifth post- 
ope’ ative day. Preoperative and postoperative serum electrolytes were normal. 


applicable to our material, when we con- 
sider the age difference of our patients as 
compared with the usual population suffer- 
ing from cerebrovascular accidents. More 
than half of our patients were below the 
age of 40. The great majority of our pa- 
tients had no electrocardiographic or clin- 
ical evidence of heart disease. Furthermore, 
at autopsy the heart was reported to be 
normal in patients who showed electro- 
cardiographic patterns suggestive of myo- 
cardial infarction in association with sub- 
arachnoid hemorrhage.‘ 

The third possible mechanism is that 
these changes in the electrocardiogram are 


a manifestation of altered cerebral func- 
tion incident to the various neurosurgical 
procedures. The control exerted by the 
central nervous system on the various 
functions of the cardiovascular apparatus 
is indeed a very complex subject. Most of 
the studies in this area have been concerned 
mainly with stimulation of various cortical 
and subcortical areas and observations of 
readily detectable changes, such as blood 
pressure and arrhythmias.'.* Of all the 
subcortical areas the hypothalamus has 
been studied most extensively, and it ap- 
pears to have a definite relation to cardiac 
function. These studies, however, confirm 
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previc s work with regard to striking al- 
terations in rhythm and in the individual 
waves of the electrocardiogram during 
hypoth2lamic stimulation, especially of the 
laterai: and posterior portions. Some in- 
vestigetors have been able to reproduce 
cardiac changes which simulate the physio- 
logic response to exercise by stimulation of 
various areas of the hypothalamus.”° This 


work suggests that the myocardial re- 
sponses may, under certain circumstances, 
be under neural control. 

Other studies that may have some bear- 
ing on our results and observations relate 
to stimulation of the vagus nerve and its 
effects on the myocardium. There is some 
evidence in experimental animals that 
excessive vagal stimulation may in itself 


Fig. 3. Patient 6. The preoperative electrocardiogram and serum electrolytes (Jan. 29, 
1959) were not remarkable. Three hours after ventriculography and craniotomy (Jan. 30) 
an electrocardiogram revealed prominence of the U waves and prolongation of the Q-T 
interval (39 per cent). Serum electrolytes were normal on this date. On the first post- 
operative day (Jan. 31) the prominence of the U wave was more striking. It merged with 
the descending limb of the T wave, giving it a broad appearance and a double peak. The 
tracing of Feb. 6 is normal except for sinus tachycardia due to associated fever. Post- 


operative serum electrolytes were normal. 
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lead to myocardial damage, as demon- 
strated by the finding of infarcted areas, 
congestion, and hemorrhage at autopsy. 
These changes were more pronounced when 
the animal received eserine or acetylcholine, 
or when vagal stimulation was performed 
in the unanesthetized state. Some of these 
animals were protected from arrhythmias 
and myocardial effects by pretreatment 
with atropine.” Clinically, it has been 
shown that serious cardiac arrhythmias can 
be prevented by increasing the depth of 


‘anesthesia during operation on the arterial 


system at the base of the brain. This 
protection occurs, presumably, by block- 
ing damaging neurogenic stimuli to the 
heart.”’ A state of excessive vagal stimula- 
tion has been implicated as the cause of 
electrocardiographic changes after pneu- 
moencephalography and cranial trauma.°*:” 

This short review seems to leave little 
doubt concerning the profound myocardial 
effects of autonomic dysfunctions under a 
variety of circumstances. 

It is our contention, then, that most of 
the changes observed in the electrocardio- 
grams in this group of patients represent 
an alteration in myocardial function 
brought about by a temporary state of 
excessive stimulation of the vagus and 
sympathetic nerves. Whether this excessive 
flow of reflexes, created by irritation of 
various cerebral centers by the various 
neurosurgical procedures, leads to _ bio- 
chemical, anatomic, or combined changes 
in the myocardium has not been elucidated 
to date. 


Summary 


The electrocardiographic alterations are 
reported in 37 patients who underwent 
various neurosurgical procedures. Striking 
changes were observed, the chief of which 
consisted of alterations in the T wave, 
prolongation of the Q-T interval, and in- 
crease in the amplitude of the U wave. 
Various considerations are discussed in 
an attempt to elucidate the mechanism of 
these findings. No significant alteration 
was noted in the serum electrolytes during 
the postoperative period. It is difficult to 
conceive that the electrocardiographic 
changes represent primary myocardial 
changes, because the great majority of 
patients were without clinical evidence 
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of cardiovascular disease and had an aver- 
age age of 38.7 years. The electrocardio- 
graphic changes are most readily explained 
as being secondary to alterations in cerebral 
function after the various neurosurgical 
procedures. 


We wish to thank Dr. Robert A. Groff, Professor 
and Chairman of the Department of Neurosurgery 
at the Graduate Hospital and Graduate School of 
Medicine of the University of Pennsylvania, for 
his cooperation and permission to investigate his 
patients during this study. 
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Experimental 


and laboratory reports 


Effects of selective myocardial stimulation 
or depression induced by intracoronary 
administration of drugs or by obstruction 
of major vessels. Studies with the 

dog ultralow-frequency ballistocardiogram 


Aldo N. Corbascio, M.D.* 
James W. West, Ph.D. 
Philadelphia, Pa. 


he chief difficulties of animal experi- 

mentation with the _ ballistocardio- 
graph (BCG) have been overcome with 
the ultralow-frequency technique,'”? so that 
additional experiments with this method 
give promise of advancing our knowledge 
in at least two directions. The first is that 
of special situations permitting a test of 
the method. As it has been used so far, the 
BCG records the forces which have their 
origin in the contraction of the heart. One 
hardly needs to be reminded that, although 
cardiac forces play a dominant role in the 
genesis of the force ballistocardiogram, the 
pressure in the vessels and their elasticity 
certainly affect the relation between cardiac 
forces and amplitude and form of the the 
record. We hoped to learn more about these 
noncardiac factors by studying the changes 
in the record caused by drugs which pro- 
duce acute physiologic effects on the vessels 
alone, or on the heart alone. For this pur- 
pose we employed a new technique of 
selective intra-arterial injection which 
could restrict the action of the drug to one 
or the other of these vascular compart- 
ments. 


Our second aim was of more general in- 
terest. The results of the action of drugs 
and other agents on cardiac contractility 
are usually described in the well-known 
terms of stimulation and depression, terms 
which, it must indeed be remembered, are 
extremely inexact. Knowledge of the force 
ballistocardiogram and of certain aspects of 
the pulse now permits a more precise under- 
standing of important aspects of the per- 
formance of the heart than had hitherto 
been available. We were interested, there- 
fore, in attempting a more exact description 
of the changes in cardiac performance 
which are found in a few of the common 
physiologic stresses that can readily be set 
up in acute experiments on animals. 


Methods 


This study was performed on an ultralow- 
frequency ballistocardiograph (UF-BCG) 
which was built especially for acute experi- 
ments with dogs. The instrument consisted 
of a rectangular frame (1.8 by 50 cm.) of 
hollow aluminum tubing (3.7 cm. in di- 
ameter) covered by lightweight canvas. 
This platform was suspended from the 
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LENGTH OF 8CG - 180 cm. 
WIDTH - 50 cm. 
LENGTH OF W/RE 
SUSPENSION - 3 m. 


Fig. J. Ultralow-frequency dog ballistocardiograph (UF-BCG). 


ceiling by means of 4 light steel cables 
which were about 3 meters in length. The 
natural frequency of the UF-BCG was 
0.3 cycles per second. No external damping 
was used. Acceleration was transduced 
directly by means of a small (weight of 
56 zrams) variable capacitance acceler- 
ometer, which was built for us by. Dr. 
Walter J. Gamble. The weight of the 
unloaded platform was 3.25 kilograms 
(approximately one tenth of the average 
weight of the dogs used in the experiment). 
The signal from the accelerometer was 
fed into a D.C. amplifier and recorded on a 
4-channel Sanborn oscillograph, which al- 
lowed for concurrent monitoring of the 
ECG, systemic blood pressure, right or 
left atrial pressure, and respiration (Fig. 1). 

Calibration of the instrument was ob- 
tained by the ratio, D/(L X d) = sensi- 
tivity (expressed in terms of gravities per 
centimeter), in which D is displacement of 
the bed (centimeter), L is length of sus- 
pension (centimeter), and d is displacement 
of the pen on the paper. 

Systemic arterial blood pressure was 
measured intraluminally from the femoral 
artery by means of a Lilly variable capaci- 
tance manometer or a Statham pressure 
transducer connected to a rigid poly- 
ethylene catheter, the signal of which was 
fed into a D.C. amplifier coupled to a 
-multichannel Sanborn recording oscillo- 
graph. The recording system was accurately 
calibrated against a mercury manometer 
each time before use for linearity and 
accuracy of response. 


The dogs used throughout the experi- 
ments were specially selected large mongrels 
or boxers, 30 to 35 kilograms in weight, 
which were in optimal nutritional condi- 
tion and had good muscle tone. They were 
anesthetized with morphine (3 mg. per 
kilogram, intramuscularly) and a combina- 
tion of equal volumes of Dial and urethane 
in solution (100 and 400 mg. per milliliter, 
respectively); the dosage was 0.25 ml. 
per kilogram, intravenously. One or both 
femoral arteries were cannulated for the 
recording of blood pressure or for insertion 
of catheter balloons, and one femoral vein 
was exposed and cannulated for injection 
of the drug. A plastic cannula was inserted 
routinely into the trachea. 

Each dog was placed on his right side, 
his limbs were secured to the frame of 
the BCG by means of conventional leather 
straps, and wide (6 cm.) canvas belts were 
tightened across the chest and abdomen in 
order to obtain maximum coupling of the 
body to the bed. Spontaneous respiration 
was stopped by means of decamethonium 
bromide (0.2 mg. per kilogram, intra- 
venously) while an adequate respiratory 
exchange was maintained by means of an 
Ideal Starling pump connected to the 
tracheal cannula. The connections were 
such that no appreciable drag was exerted 
on the platform. 

Insertion of modified catheter balloons 
into the pulmonary artery, aorta, and 
venae cavae (inferior and superior) was 
performed under fluoroscopic guidance. 
The position of the balloons was verified at 
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autopsy at the end of each experiment. A 
rigid metallic catheter of a type previously 
described’? was introduced through the left 
carotid artery into the circumflex segment 
or the anterior descending branch of the 
left coronary artery for direct intracardiac 
injection of the drug. In two experiments, 
both branches of the left coronary artery 
were catheterized at the same time. All of 
these studies were conducted without open- 
ing the chest. 


Results and discussion 


Certain theoretical concepts should be 
presented prior to setting forth the results 
of our experiments. The views held by 
physicists for many years with regard to 
mechanical performance are applicable to 
the assessment of cardiac function. When 
a force sets a body in motion, as the energy 
supplied by the heart sets the blood in 
motion, an exact description of the effect 
produced requires three separate headings: 
(1) effects related to displacement of blood, 
or cardiac output; (2) effects related to the 
velocity imparted to the blood, including 
work in the Newtonian sense and friction; 
(3) effects related to the acceleration of 
blood, or cardiac force. 

Relationships have been demonstrated 
between these three aspects of cardiac per- 
formance and certain aspects of ordinary 
physiologic measurements. Thus, the BCG, 
as we use it, is a force recorder, and both 
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the depth of the I wave and the slope of 
the H-I segment have proved to be quanti- 
tatively related to the force manifested 
by the accelerating blood at the onset of 
contraction.* The slope of the advancing 
front of the pulse wave has also proved to 
be correlated with the acceleration of the 
ejected blood and, conversely, with cardiac 
force*; the amplitude of this wave, the 
pulse pressure, with Newtonian work‘; the 
area under the systolic portion of the pulse 
wave (consideration is given to the blood 
pressure or the elasticity of the vessels), 
with cardiac output.3% 

The regression equations used to derive a 
quantitative estimate of each of these three 
aspects of cardiac function were derived 
from experiments on human cadavers, but 
they could not be applied to dogs without 
additional study. Therefore, no quantita- 
tive evaluations have been attempted in 
our studies with dogs. Nevertheless, we 
find it of great interest to trace the direc- 
tion of the changes that occurred in these 
three aspects of cardiac function during 
the stimulation and depression of left ven- 
tricular contractility produced in our acute 
experiments with dogs. There is no reason 
to expect that these three aspects will 
always vary together, and we were in- 
terested in observing whether the stresses 
of our experiments affected one variable 
more than another. 

Early in the experiments our attention 
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Fig. 2. Response after the injection of a sympathomimetic amine (epinephrine, total dose of 5 ug) 
into the anterior descending branch of the left coronary artery. Note the increase in amplitude of 
the I-J wave and the change in its slope. Systolic blood pressure is practically unchanged except 
for the steeper slope of the pulse wave. In all figures, the paper speed was 50 mm. per second. The 
control record is always the first section on the left. The markings at the bottom of each of the 


figures are in seconds. 
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Fig. 3. Response after the injection of epinephrine (total dose of 5 ug) into the circumflex 
branch of the left coronary artery. Note the onset of nodal rhythm. The amplitude of 
the ballistocardiogram is increased, but this improvement is not so conspicuous as that 
after the injection into the anterior descending branch (Fig. 1). A marked improvement 
appears after 16 seconds, when the sinoatrial node again prevails as pacemaker. 


was attracted to changes in the J wave 
which seemed to be of peripheral rather 
than: of cardiac origin. The J wave, ac- 
cord:‘ng to Noordergraaf’s quantitative 
theory of the ballistocardiogram,® is chiefly 
the ‘result of a footward acceleration of 
blood in the descending aorta and in the 
arteries of the legs. A much smaller factor 
is the deceleration of blood leaving the 
heart as it loses its headward velocity 
wheii reversing its direction of flow in the 
aortic arch and in the bifurcation of the 
pulnionary artery. Thus, the form and 
amplitude of the J wave depend on more 
than one factor. Of these, the most im- 
portant factor is the acceleration with 
which the stroke volume is ejected by the 
hearr. Other factors are the elasticity of 
the vessel walls and the blood pressure—the 
latter, because. vascular elasticity changes 
as intravascular pressure changes. 

Cardiac stimulation. By injecting sym- 
pathomimetic amines (epinephrine, nor- 
epinephrine, and isoproterenol) which have 
powerful cardiac inotropic and chrono- 
tropic effects into the circumflex or an- 
‘terior descending branch of the coronary 
artery, we tried to assess the effects 
of changes in left ventricular contrac- 
tility accompanied by little or no periph- 
eral change. It is thus possible to 


achieve a high concentration of the drug 
in selected areas of the cardiac musculature 
and to elicit local responses which are not 
obscured by systemic vascular reactions. 
Although it cannot be denied that reflex 
effects on the vessels might follow the 
changes induced in the muscle of the left 
ventricle, we believe that this technique 
is the nearest approach to a “‘pure’’ cardiac 
stimulatory situation that has been 
achieved in an intact animal, and that the 
results are of interest for this reason. 

In the majority of dogs the circumflex 
branch of the left coronary artery supplies 
blood to the atrioventricular node as well 
as to the septum and the posterior part 
of the left ventricle, whereas the anterior 
descending branch distributes blood to the 
anterior part of the left ventricular mass. 
The injection of a small dose of a sym- 
pathomimetic amine into the anterior de- 
scending branch of the left coronary artery 
is, therefore, followed by an immediate 
and marked increase in amplitude of the 
systolic complexes. As little as a total dose 
of 5 wg of epinephrine brings about a 100 
per cent increase in the amplitude of the 
I-J wave, and its slope becomes very steep. 
Since the drug does not reach the conduc- 
tion tissues of the heart, there is no chrono- 
tropic response; the ballistic effect is due 
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primarily to increased contractility of the 
muscle of the left ventricle, with increased 
acceleration of the blood from the ventricle 
and « more complete and rapid ejection 
(Fig. 2). 

On the other hand, the injection of a 
sympathomimetic amine into the circum- 
flex branch of the left coronary artery, 
because of its different distribution, is 
attended by an altogether different re- 
sponse. This is characterized by direct 
stimulation of the conduction tissue (posi- 
tive bathmotropic and chronotropic effects) 
which leads to the transitory onset of a 
nodal rhythm (rythme nodal moyen) 
which consists of a succession of normal 
QRS-T complexes not preceded by a P 
wave.’ The atrioventricular node, directly 
stimulated by the drug, forms impulses 
at a faster rate than does the sinoatrial 
node, and thus acts as a temporary pace- 
maker. 

Dissociation by interference is another 
interesting effect which often follows the 
intracoronary injection of sympathomi- 
metic amines. Under such circumstances, 
one sees complete independence of the 
electrical and mechanical activity of the 
auricles and ventricles. The atrioventricu- 
lar node forms impulses at a higher fre- 
quency than does the sinoatrial node; how- 
ever, a retrograde block prevents the 
atrioventricular impulses from reaching 
the auricles and perturbing the sinoatrial 
node, which is discharging at a slower rate. 
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This phenomenon, described by Wencke- 
bach and Winterberger® in 1927, is well 
known in the clinic, especially in patients 
who have received digitalis or atropine. 
Fig. 3 shows the effects which followed 
the injection of epinephrine (total dose of 
5 ug) into the circumflex branch of the 
left coronary artery. The ECG shows that 
there was an immediate shift in the pace- 
maker with the induction of a _ nodal 
rhythm, and a marked increase in heart 
rate. The form of the ballistic record was 
profoundly changed. There was a conspic- 
uous increase in amplitude of all waves 
except H, which became smaller, and a 
deep notch appeared on the H-I segment; 
the area under the systolic pulse wave was 
almost unchanged and the blood pressure 
rose only a little, but there was an increased 
steepness of slope in the ascending limb of 
the peripheral pulse wave. As soon as 
normal atrioventricular conduction was re- 
established with re-emergence of the sino- 
atrial node as the pacemaker, the form of 
the ballistic record returned to normal, 
with an increased amplitude of all its 
systolic components. This improvement is 
probably due to improved filling consequent 
to re-establishment of normal atrioven- 
tricular dynamics. This is the type of 
response which usually attends the injec- 
tion at this site of epinephrine, nor- 
epinephrine, or isoproterenol, three sym- 
pathomimetic amines which possess to the 
highest degree the capacity for stimulating 


Fig. 4. Response after the injection of a sympathomimetic amine having no inotropic or chronotropic action 
(methoxamine, 4 wg per kilogram). After 10 seconds systemic blood pressure rises gradually, whereas the heart 
rate slows. A few seconds later systolic pressure is very high (above 200 mm. Hg) and there is marked brady- 
cardia due to baroceptor activation. The ballistic tracing decreases in amplitude. The rise in pressure induces 
irregularities of intracardiac conduction. Note the almost complete disappearance of the J wave in the third 


section of the tracing. 
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the chronotropic and inotropic properties 
of the heart. 

From these results we conclude that the 
chief effect of the stimulation was on the 
cardiac force, for the ballistocardiogram 
increased greatly in amplitude, and the 
slopes of the I and the H-I waves increased 
as it did so. The slope of the pulse wave 
front was also steeper, whereas the changes 
in the pulse pressure and in the area under 
the pulse wave were far less evident. This 
suggests that, in our experiments, sym- 
pathomimetic amines administered by this 
method resulted in an increase in myo- 
cardial contractility rather than an in- 
crease in stroke volume. 

This interpretation of the ballistic 
changes was further substantiated by the 
intracoronary administration of sympatho- 
mimetic amines in open-chest dogs in 
which a Walton strain gauge had been 
directly attached to the left ventricular 
muscle. The increase in amplitude of the 
systolic complex of the ballistocardiogram 
appeared in all cases to be directly cor- 
related with the improvement of myo- 
cardial contractility consequent to the ad- 
ministration of those sympathomimetic 
amines which have a direct stimulatory 
effect on the release of energy by the 
ventricular muscle. 

Peripheral vasoconstriction. In these ex- 
periments we sought to avoid the combina- 
tion of peripheral and cardiac effects which 
are produced by most sympathomimetic 
amines when administered intravenously. 
We chose methoxamine (Vasoxyl), a sym- 
pathomimetic amine devoid of any positive 
cardiac inotropic or chronotropic actions, 
and injected it intravenously in doses of 
4 mg. per kilogram, three times in each 
of 15 animals. Whenever the drug was 
administered after atropine had been in- 
jected or cold had been used to block the 
vagus nerves, the type of response ob- 
tained was unaltered except for a less 
pronounced bradycardia. 

Fig. 4 shows the results of a typical ex- 
periment. Ten seconds after the adminis- 
tration of the drug the heart rate slowed 
and the ballistocardiogram increased in 
amplitude. The pulse wave rose more 
steeply and the pulse pressure increased, 
although the rise in systolic and diastolic 
pressure was as yet small. This period of 
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stimulation was transient; 3 seconds later, 
evidence of heart block appeared in the 
ECG, and the heart rate became much 
slower. At this time, the ballistocardiogram 
decreased in amplitude, the H-I slope was 
less steep, and the J-wave amplitude was re- 
duced. The pulse pressure was somewhat 
diminished, and the fall in blood pressure 
during diastole was extremely slow. Five 
seconds later these effects appeared to be 
exaggerated still more. The blood pressure 
was higher and the _ballistocardiogram 
became distorted, with the J wave scarcely 
rising above the base line. 

We interpreted these findings to mean 
that, confronted with increasing peripheral 
resistance, the heart rate became slower 
after an initial period of stimulation because 
of improved filling. The cardiac force, the 
work, and the output per beat were all 
increased during this brief period, although, 
judged on a per-minute basis, this increase 
was not large. A few seconds later the high 
peripheral resistance after heart block had 
developed, indicated not only by the high 
blood pressure but also by the very slow 
fall of blood pressure during diastole, 
proved to be too much for the heart, and 
all aspects of its function were severely 
depressed. 

These cardiac effects cannot be attrib- 
uted to the direct action of methoxamine 
on the heart; rather, they must be thought 
of as consequences of the greatly increased 
resistance to ejection or as secondary effects 
due to activation of carotid and aortic 
baroceptors by the rise of blood pressure, 
oras both. In this experiment an interest- 
ing distortion of the form of the ballisto- 
cardiogram developed: the J wave was 
greatly reduced and almost obliterated 
while the preceding I wave was only 
slightly reduced in amplitude. We suggest 
the following explanation: The I wave is to 
be attributed to the footward recoil of 
the body when blood is accelerated head- 
ward early in the ejection; the chief factor 
in the genesis of the J wave is the recoil 
of the body to the footward acceleration 
of the long column of blood in the large 
thoracic and abdominal aorta and the 
arteries of the legs. The abnormality of 
form that is seen at the height of the action 
of methoxamine, i.e., disproportionate re- 
duction of the J wave, is what one would 
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expect if the mass of ejected blood, after 
entering the aorta and pulmonary artery 
with little less than its usual acceleration, 
were gradually damped and, instead of im- 
mediately driving the long column of blood 
before it, were accommodated in the aorta 
for a brief period by unusual stretching 
of the aortic wall. Under such circumstances 
the long column of blood in the thoracic 
and abdominal aorta would be accelerated 
much more slowly than is normal, and the 
forces which produce the J wave would 
be greatly reduced. The extraordinarily 
slow fall of femoral pressure during the 
long diastole indicates that peripheral 
resistance was greatly increased during the 
absence of the J wave. Such avnormal 
resistance would certainly oppose and re- 
duce the acceleration of the aortic and 
femoral blood. This line of thought was 
further tested in the following experiments. 

Increased resistance from obstruction of 
the thoracic aorta. Fig. 5 shows the typical 
effect of the sudden inflation of a balloon 
mounted on the tip of a catheter in the 
thoracic aorta, an experiment which was 
performed three times consecutively in 
5 dogs. The high aortic obstruction, the 
completeness of which was indicated by 
immediate fall to zero of the femoral blood 
pressure, was accompanied by a marked 
distortion of the J wave, which was deeply 
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split, greatly reduced in amplitude, and 
broadened. Some reduction in the depth 
of the I wave and of the H-I slope ac- 
companied this change. The form of the 
ballistocardiogram returned to normal as 
soon as the obstruction was removed. 

One must remember that a balloon in- 
flated within a vessel effectively stops the 
flow of blood but it does not stop the trans- 
mission of forces. Both ends of the air-filled 
balloon are in contact with the blood in the 
aorta. The rise in systolic blood pressure 
above the balloon dents its upper surface 
and increases the pressure inside the 
balloon. This increased pressure distends 
the lower surface of the balloon, thus im- 
parting a force to the column of blood 
below. The inflated balloon stops the flow 
of blood, but the force passes through it, 
although distorted by the physical prop- 
erties of the air-filled balloon which vary 
with its pressure. One notes that the pulse 
is plainly visible in the tracing of the fem- 
oral pressure during the period of obstruc- 
tion, although the pressure below the bal- 
loon is so low that a considerable change 
in volume would be necessary to produce 
the small change in the recorded pressure. 

The notching in the J wave may well be 
a result of dissociation of the forces from 
the two sides of the heart; those from the 
left side are delayed in time because the 
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Fig. 5. Typical effect of rapid obstruction of the thoracic aorta by means of the sudden inflation of 
a balloon mounted on the tip of a catheter. Note the reduction in amplitude of the ballistocardi- 
ogram and the disappearance of the femoral pulse. The ballistocardiogram returns to normal 


over the control tracing. 


immediately after deflation of the balloon. Three minutes later there is an increase in amplitude 
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tracing becomes distorted. 
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AFTER DEFLATION 
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Fig. 6. Effect of gradual obstruction of the thoracic aorta by means of the slow inflation of a balloon mounted 
on the tip of a catheter. Femoral pulse pressure is reduced to a ripple. Improvement of the ballistocardiogram 
during inflation is probably the result of slowing of the heart rate. Upon deflation of the balloon, the ballistic 
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Fig. 7. Effect of complete obstruction of the inferior vena cava by means of inflation of a catheter balloon. 
Note the almost complete disappearance of all systolic complexes of the ballistocardiogram. Femoral blood 
pressure is drastically reduced and pulse pressure is very small. Release of obstruction of the vena cava induces 


complete reversal of the effect. 


high resistance ‘in the aorta has delayed 
ejection from the left ventricle. There is no 
corresponding increase in resistance to 
right ventricular ejection. Indeed, the 
splitting of the J wave has been produced 
repeatedly in experiments on cadavers 
when systole has been simulated by asyn- 
chronous injection of the pulmonary artery 
before the aorta.°® 

The broadening and slow descent of the 
J wave to the base line, like the similar 


change described in aortic stenosis in man, 
can be attributed to the diminished accelera- 
tion and deceleration of blood below the 
obstruction, since it is the deceleration of 
blood units in the long aortic column which 
normally brings the J wave back to the 
base line at the usual time, and which 
may continue to form the K wave. 

When we used a slight difference in tech- 
nique, we secured such a different result 
in another dog that we believe it should 
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be discussed (Fig. 6). In this case, a balloon 
was gradually inflated in the thoracic aorta. 
The physiologic state of the heart was 
very different in this experiment: in the 
experiment illustrated in Fig. 5, the 
heart rate was 70 beats per minute; in 
this experiment, 240 beats per minute. 
Such a rapid rate causes difficulty in 
interpreting the ballistocardiogram, which 
should be explained here. Inspection of the 
ballistocardiogram of the heart of a dog in 
good condition, such as the ballistocardio- 
gram reproduced in Fig. 4, shows that the 
terminal complex, the L, M, and N waves, 
often relatively larger in dogs than in 
man, occurs about 0.3 second after the peak 
of the R wave. Obviously, therefore, when 
the cardiac cycle is as short as in the ex- 
periment illustrated, the last waves of one 
complex are superimposed on the first 
waves of the following complex, and dis- 
tortion occurs. This is the case in the 
control tracing in this experiment, and 
exact interpretation of the record was 
difficult. 

Nevertheless, interesting changes fol- 
lowed the slow inflation of the balloon in 
the thoracic aorta. The heart rate slowed 
considerably (to about 180 beats per min- 
ute) and there was notable improvement 
in the ballistocardiogram, which returned 
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to normal. After deflation of the balloon, 
despite the normal blood pressure and 
pulse wave contour, the ballistocardiogram 
became more abnormal than it had been 
before. 

This unexpected result may be compared 
to certain equally unexpected results in 
the clinic when a stress, such as exercise, 
has occasionally converted an abnormal 
ballistocardiogram into a normal one. The 
interpretation of these phenomena has been 
as follows: Cardiac stimulant drugs often 
convert an abnormal to a normal ballisto- 
cardiogram, and this causes no surprise. 
Exercise or any other type of stress which 
stimulates the heart by hormonal or nerv- 
ous influences may produce a_ similar 
stimulating effect. In our case the aortic 
obstruction proved to be a challenging 
stimulus to which the heart responded with 
an increased contractility and an improved 
performance. 

The rapid deterioration of cardiac func- 
tion after the removal of the aortic ob- 
struction is equally interesting and is con- 
sistent with the same concept. The extreme 
abnormality which then developed sug- 
gests an incoordination of cardiac forces. 
Since the pulse wave is not very different 
from that of the control period, the dis- 
organization of the ballistocardiogram can 
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Fig. 8. Typical result of obstruction of the main trunk of the pulmonary artery by means of a 
catheter balloon. The great increase in amplitude of the systolic complexes of the ballistocardi- 
ogram is an unexpected result. Acute tricuspid insufficiency, which allows backflow of blood 


into the venae cavae, may account for this response. 
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best be explained as asynchronous genera- 
tion of forces from the two sides of the 
heart. This type of unpredictable response 
to various stresses is encountered quite 
often both in normal and pathologic con- 
ditions. 

Hypotension produced by caval obstruc- 
tion. A balloon was inflated in the inferior 
vena cava ten times in 4 dogs. Fig. 7 is 
an example of the result secured in this 
experiment. The systolic ballistic waves are 
easily seen in the control tracing despite 
the fast heart rate which caused the N 
wave to be superimposed on the H wave 
of the following beat. 

The effect of obstruction of the vena 
cava was profound. The ballistocardiogram 
was greatly reduced in amplitude and so 
distorted that the waves could not be 
identified with confidence in many com- 
plexes. The H-I slope was almost flat in 
some complexes and greatly flattened in 
all; similarly, the pulse wave front had a 
very gradual rise. The pulse pressure fell 
to less than one fifth of its control value. 
The area under the systolic pulse wave 
was reduced to a small fraction of its 
former value. 

Obviously, the cardiac forces, work, and 
the stroke volume were greatly reduced. 
The lack of filling greatly handicapped the 
heart, and all aspects of its performance 
were depressed. The J wave was not in- 
creased, as after administration of vaso- 
dilating drugs, because, despite the reduced 
peripheral resistance, the stroke volume 
was so small and ejection was so slow that 
the column of blood in the thoracic and 
abdominal aorta was accelerated very 
feebly. 

Cossio and co-workers’? claimed that 
the impeded filling of the heart in open- 
chest dogs caused an increased amplitude 
of the ballistocardiogram, a .view which 
was supported for a time by Thomas and 
co-workers."' On the basis of these results 
the theory that the ballistocardiogram 
had its origin chiefly in the movement of 
blood was challenged. Our results are 
similar to those of Honig and Tenney? and 
to those of Scarborough,’ and so support 
the classic viewpoint. We have no inten- 
tion of reviving the controversy here. It 
would seem, however, that experiments 
performed with improved techniques have 
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not confirmed the results of Cossio and of 
Thomas and their associates. 

Obstruction of the pulmonary artery. The 
inflation of a balloon in the pulmonary 
artery produced an effect which was totally 
unexpected. Fig. 8 shows a typical result, 
Similar results were secured four times in 
2 dogs. Again, the interpretation of the 
control ballistocardiogram was made diffi- 
cult by the rapid heart rate, but the dis- 
tortion appeared to be slight. The great 
increase in amplitude of the ballistocardio- 
gram after obstruction of the pulmonary 
artery was striking. This increase was due 
chiefly to greater depth of the K wave, 
but the slope of the H-I segment was also 
clearly increased during the pulmonary 
obstruction, even though the femoral blood 
pressure had fallen almost to zero and no 
pulse beat was visible. 

For some time we were at a loss to ex- 
plain this most unexpected result and, 
indeed, considered the explanation sug- 
gested by Cossio and associates,!° that 
movement of the heart itself might cause 
a ballistocardiogram even if no blood were 
ejected from the ventricle. One could not 
deny that under certain extreme circum- 
stances this might be the case. Our results, 
however, are also in accord with another 
viewpoint which, consistent with other 
knowledge acquired recently, provides a 
more satisfactory explanation. 

From McMichael and Shillingford’s lab- 
oratory” have come a series of clinical 
observations which indicate that regurgita- 
tion through the tricuspid valve occurs 
frequently in clinical conditions; these in- 
vestigators regard it as a compensatory 
mechanism which protects the right side 
of the heart against overdistention. 

Also, in experiments with the frog, an 
animal with a single ventricle, Klensch” 
found that experimental obstruction of the 
aorta leads to a ballistocardiogram of in- 
creased amplitude. Analyzing this unex- 
pected result, which was so similar to ours, 
he observed that great distention of the 
heart had rendered the tricuspid valve 
incompetent, and that the heart was 
vigorously pumping blood back into the 
great veins at every systole. Thus, the 
unexpected increase in the size of the 
ballistocardiogram could be attributed to 
this abnormal movement of blood. 
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Although the heart could not be observed 
in our closed-chest experiments, it is well 
known that the right side of the heart 
dilates rapidly when confronted by a 
resistance too great for its strength, and it 
seems inevitable that this happened in our 
experiments when the pulmonary artery 
was completely obstructed. The best ex- 
planation for our finding seems to be similar 
to that given by Klensch: the dilated heart, 
because of the relative insufficiency of the 
tricuspid valve, was vigorously taking 
blood from the veins and also pumping 
it back into them. 

However, our attempts to obtain ad- 
ditional evidence without opening the 
chest were not altogether successful. In- 
flating a balloon in the inferior vena cava 
before inflating one in the pulmonary artery 
did not prevent the increase in ballistic 
amplitude; the inability of an inflated 
balloon to stop the forces has already been 
discussed in this paper. Also, measurements 
of pressure gave little information because 
in a low-pressure system, such as the veins, 
the relation of flow to pressure is far more 
remote than in the arteries. 


Summary 


By means of the ultralow-frequency 
technique, excellent ballistocardiograms 
were secured in experiments with anesthe- 
tized dogs. These records, together with 
those for femoral blood pressure, were em- 
ployed to detect changes in cardiac function 
under various experimental conditions. 

To secure cardiac stimulation in as pure 
a form as possible, drugs which stimulate 
cardiac action, in doses too small to give 
generalized effects but large enough to 
produce localized responses, were injected 
into both branches of the left coronary 
artery. To secure peripheral constriction in 
as pure a form as possible, drugs without 
direct cardiac action were injected intra- 
venously. 

From the changes in contour of the 
ballistocardiogram and of the blood pres- 
sure curves, the direction of the changes in 
cardiac force, work, and output was as- 
sessed. Cardiac stimulation usually in- 
creases all of these aspects of cardiac per- 
formance; depression usually decreases all 
of them. Some aspects were often affected 
more than others. 
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By means of balloons mounted on the 
tips of catheters, the effects of obstruction 
of the aorta, of the inferior vena cava, and 
of the pulmonary artery were observed. 
The latter gave a surprising result—a large 
increase in the size of the ballistocardio- 
gram, apparently a result of tricuspid regur- 
gitation. 

By means of changes in peripheral re- 
sistance, marked changes in the J wave of 
the ballistocardiogram were produced. It 
seems evident that the amplitude of this 
wave can be altered by noncardiac as well 
as by cardiac factors. The causes of other 
abnormalities of ballistic form produced 
experimentally in the dogs are discussed. 


We wish to acknowledge the generous assistance 
of Dr. Isaac Starr, Hartzell Professor of Therapeutic 
Research, University of Pennsylvania School of 
Medicine, Philadelphia, Pa. 
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A scanner-computer 
for'determining the volumes of cardiac chambers 
from cinefluorographic films 
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se of biplane cineroentgenographic 
and serial x-ray techniques for meas- 


urement of the volume of various cardiac 
chambers has been shown to be reasonably 
reliable.'-* The chief objection in practice 
is the tediousness of the various tracing 
operations and of the laborious calculations 
that are involved in some of the methods. 
In order to overcome this objection, con- 
sideration was given to the development 
of mechanical and electronic adjuncts to 
facilitate tracing chamber boundaries and 
to carry out the necessary calculations. 

The method for which the instruments 
to be described were developed has been 
published in detail.! In the case of the left 
ventricle, it requires the tracing of two 
simultaneously filmed images (35-mm. film) 
recorded at a rate of 30 per second. Meas- 
urements of corresponding diameters of the 
two images are then made at 1-mm inter- 
vals from top to bottom, and the values are 
inserted into the usual equation for the 
area of an ellipse (or circle): 

dy de 
A=fr 2” 

where d; is diameter obtained from one 
ventricular image, and de is the correspond- 


ing diameter from the other, simultaneously 
recorded, image. Since diameters are meas- 
ured at 1-mm. intervals, the area in square 
millimeters is numerically identical with 
the volume of a section of the ventricular 
cavity that is 1 mm. thick (Fig. 1). Total 
ventricular volume is merely the sum of all 
the sectional volumes. 

In practice, it is necessary to trace up to 
80 pairs of images for each run (4 to 8 
cardiac cycles). Usually, from 50 to 70 
diameters are measured on each pair of 
images, necessitating a vast number of 
separate multiplication and summing oper- 


qd, do 


. 


Fig. 1. Section of a cylinder, showing the axes (di- 
ameters) used in calculating volume. The total 
volume of the cylinder (or ventricle) is the sum of 
those of the individual sections. 
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Fig. 2. Operator tracing ventricular contour from one of two simultaneously filmed views of the heart. The 
corresponding frame in the other view has already been traced and is seen to the operator’s right. Active areas 
(X and Y) are indicated by the white rectangles on the ruler at the edge of the platform nearest the operator. 
Operational marks can be seen near the edges of the paper. 
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ations. | t is not unusual for the calculations 
for a single run to occupy 3 workers for 2 
to 3 weeks. 

It was originally hoped that the entire 
measurement and calculation procedure 
could be done electronically. It was not 
feasible, however, to entrust tracing of 
chamber boundaries to an electronic scan- 
ner or densitometric device. This operation, 
for many reasons, requires judgment and 
constant comparison of sequential images. 
For this reason, tracing is done from 
35-mm. original films, using a 16-mm. re- 
duction print of the same original to es- 
tablish the location of valve planes and 
other details. The process, with experience 
and the help of mechanical aids, goes 
rapidly. 


Tracing equipment 


Two 35-mm. still projectors are mounted 
upright standard as shown in Fig. 2. 


on an 
4 h 
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Images of individual frames are projected 
by use of appropriately placed front- 
surfaced mirrors onto a tracing platform 
in such a way that chamber images are 
relatively undistorted.1 The tracing plat- 
form is designed to receive slotted roller 
paper, 27 cm. wide, on which correspond- 
ing chamber images can be very precisely 
located and traced (Fig. 2). Owing to the 
design of the scanner (see below), images 
must be traced firmly and definitely in 
black ink. Small operational marks are 
appropriately placed in order to instruct 
the scanner to commence or to cease meas- 
urement (Figs. 2 and 3). In the event that 
images do not fit easily into X or Y areas 
(Fig. 3), they can be reduced one half, 
and the final calculation corrected accord- 
ingly in the computer. Conversely, if 
images are too small to be handled ac- 
curately, their size can be doubled and the 
fact taken into account in final calculations. 
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Fig. 3. Section of slotted paper bearing 2 ventricular tracings. Locations of operational (start and 


stop) marks, and the active areas (X and Y) are clearly shown. 
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Fig. 4. Over-all view of scanner (right) and computer (/eft). A roll of paper is flowing past the scanning slot from 
top to bottom. The oscilloscope is at the left (above) and the printer below. 
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Use of the tracing device permits the 
tracing of 50 to 100 pairs of images in 2 
to 3 hours. 


The scanner 


In essence, the function of the scanner 
is to measure the diameters of the traced 
figures (J'ig. 3) and to transmit the result 
to a photomultiplier tube which then 
transmits it to the computer. 

The instrument consists of a light source 
and a series of mirrors which transmit a 
light beam onto the slotted paper flowing 
past the scanning aperture (Figs. 4 and 5). 
Beams reflected from the paper surface are 
led back to the photomultiplier tube and 
are interrupted only when a black mark on 
the paper is encountered. With appropriate 
placement of operational marks (Fig. 3), 
the counting mechanism of the scanner 
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unit can be activated or deactivated so 
that only distances between the boundaries 
of a particular image (in X area or Y area, 
Fig. 3) are transmitted to the computer. 
The counting mechanism consists of a 
slotted disk, 25.4 cm. in diameter, on which 
is mounted a lens and scanning mirror 
(Figs. 5 and 6). The disk revolves at pre- 
cisely 1,800 r.p.m. The various slots, 
numbered / to 5 in Fig. 6, are concerned 
with operational instructions and with 
actual measurement of distances within 
X and Y areas. For example, slot J (and 
the photoelectric diode to which it relates) 
is concerned with the mechanism of clear- 
ing the computer for its next calculation, 
and the operation that it controls is acti- 
vated by the start mark (Fig. 3). Slots 2 
and 3 are part of the mechanism for in- 
structing the scanner to measure a di- 


Fig. 5. Close-up of scanning unit with guide bar drawn aside. A portion of the scanning disk (Fig. 6) with slots 
and centrally placed mirror can be seen through the scanning slot. 
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Fig. 6. Diagram of scanning disk viewed from above 
and in cross section. Areas that are filled in with 
parallel lines represent counterbalancing weights 
and slots. See text for description of purposes of 
slots numbered J to 5. 


ameter, first in X area, then in Y area. 
Slot 4 has to do with the mechanism for 
instructing the machine to print a finished 
calculation. The ring of circular slots is 
concerned with holding the counting rate 
at precisely 1.65 machine units per milli- 
meter. The counting is accomplished by a 
pulse generator situated between the photo- 
multiplier tube and the computer. 


The computer 


Fig. 4 shows the computer (to the left 
of the scanner) with logic, multiplier, 
accumulator, and printing compartments 
arranged in that order from above down- 
ward under the control panel and oscillo- 
scope. 

The multiplier accepts impulses from the 
photomultiplier tube in the scanner unit 
and multiplies X and Y diameters. The 
result is transmitted to the accumulator, 
which sums and stores the results. After 
the final scan, the stop mark on the slotted 
paper signals the logic compartment, which, 
in turn, activates the printer. Scanning 
errors are also noted by the machine and 
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summed on the final printed tape. The 
scanning operation can be easily followed 
on the oscilloscopic screen. 


Accuracy of operation 


Theoretically, the only errors possible 
in the system are those which result from 
faulty scanning, which, in turn, results from 
improper tracing, extraneous marks on the 
paper, or faulty placement of operational 
marks. The possibility of error due to 
faulty synchronization (and change in 
counting rate) is rendered very remote 
by the inclusion of a device to maintain 
a fixed relation between the pulse generator 
and the rate at which the disk revolves 
(which is synonymous with the rate of 
scanning). 

Tests of accuracy, in which spheres and 
other objects are used, suggest that the 
machine does the job most reliably. For 
spheres, the percentage of error attribut- 
able to the machine is slightly over 1 per 
cent (Table I). For a cylinder with a coni- 
cal tip which was rotated before the cine- 
cameras (Table II), most of the error is 
introduced by the method itself and not 
by the machine. Both the laborious Simp- 
son’s rule technique and the calculation 
from the same tracings by the scanner- 
computer overestimate the true volume 
of the object (by as much as 12 per cent). 
Comparison of the two techniques of 
measurement, however, shows that the 
machine is at least as good as human 
operators and much faster. Much the same 
can be said when a model of the left ven- 
tricular cavity is tested. 


Table I. Comparison of calculated (actual) 
volumes of spheres and their volumes as 
determined by cinefluorography and use of 
the scanner-computer* 


Radius Calculated Computer Difference 

(cm.) volume (ml.) volume (ml.) (per cent) 
L.5 14.12 14 —0.86 
2.0 35.01 33 —1.54 
65.45 64 —2.26 
3.0 113.10 111 —0.89 
335 179.59 178 —1.16 


*The instrument tends to underestimate volume slightly. 
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Table 11. Results using models (above) and casts (below) of left ventricular cavity* 


Volume (ml.) 


Position Difference (per cent) 
Actual Simpson's Scanner- (Simpson's rule compared 
rule computer with scanner-computer) 

1 181.0 182 +0.54 

Cylinder with 197.0 201 +1.99 
conical tip 3 178.5 205.2 208 +1.34 

4 202.7 201 —0.84 

5 196.4 194 —1.23 

Plaster model 1 279 269 —3.71 
of ventricular 2 274 312 315 +0.96 
cavity 3 295 303 +2.71 


*The cylinder was revolving rapidly when photographed, and positions / to 5 represent successive film frames. The plaster model of 
the ventricular cavity was photographed in three different positions, but was not in motion. 


Application 


The scanner-computer has been used for 
calculation of left ventricular volumes in 
dogs‘ and in man. It also is currently being 
used to calculate change in volume in 
aortic aneurysms, giant left atria, and other 
more-or-less spherical or cylindrical struc- 
tures. Its chief value is that, by reducing 
the time needed and the tedium of meas- 
urements made on serial x-ray films or on 
cineangiocardiographic records, it makes a 
contribution to the use of x-ray techniques 
for quantitative measurements of circula- 
tory function. 


The scanner-computer was designed and built by 


the National Data Processing Company, 4703 Ross 
Avenue, Dallas, Tex. 
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Movements of the heart during ejection 


T. R. Harrison, M.D. 

Cecil Coghlan, M.D. 

Gustavo Prieto, M.D.* 
Birmingham, Ala. 


gone reports have dealt with 
cardiac motions which occur during 
the pre-ejection phase of systole and during 
ventricular relaxation.!:? The purpose of the 


present communication is to describe the 
movements which occur during ejection. 


Methods and subjects 


The techniques employed were identical 
with those described in the previous stud- 
ies. The pressure curves from the four 
cardiac chambers, from the aorta, and 
from the pulmonary artery of dogs were 
differentiated,’ and the resulting pressure 
velocity traces were studied in relation to 
each other and in relation to the precordial 
movements of normal human _ subjects. 
Since each change in slope in the conven- 
tional pressure records is reflected in the 
first derivative by a change in the magni- 
tude of the corresponding deflection, the 
latter provides more information in regard 
to the time course of the changes in pres- 
sure for comparison with the complex 
precordial traces from human subjects. 

The term velocity record, as used in this 
communication, refers to the first deriva- 
tive of the pressure curve. These derivative 
records were recorded at convenient ampli- 
tudes and do not represent absolute values. 

The precordial records analyzed were 
the same as those utilized in the previous 
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studies of isometric contraction and of 
relaxation. Although tracings were made 
on 50 normal persons from the several V 
points of the precordium, records from 
multiple intercostal spaces in a single ver- 
tical line were obtained in only 10 subjects. 
The discussion to follow will deal only with 
the latter group. The findings in the other 
40 subjects were essentially the same. 

All precordial tracings were made with 
the subjects holding the breath at the 
end of normal expiration. Electrocardio- 
grams (Lead I or IJ) and carotid pulse 
tracings (glycerine capsule) were used as 
timing references. 

The terms used in the present report 
correspond to those in preceding studies. 
Thus, K;, Ko, K4, and Ks refer to kineto- 
cardiographic tracings as obtained from 
the corresponding V lines. The second 
numeral designates the intercostal space 
from which the tracing was made. There- 
fore, the term Ky. indicates a tracing taken 
from the right second intercostal space, 
whereas K;; refers to a record obtained 
from the left anterior axillary line in the 
fifth intercostal space, etc. Tracings from 
the suprasternal notch are indicated as 
K.s, whereas the right and left epigastric 
records are designated K,, and Kei, re 
spectively. 

In the case of records from the right and 
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left parasternal and from the left mid- 
clavicular lines the ‘‘pickup’’ device was 
directed in an anterior-posterior direction, 
and, therefore, downstrokes and upstrokes 
denote posterior and anterior motion, 
respectively. The anterior axillary (Ks) 
traces were also taken perpendicularly to 
the chest wall, and upstrokes in these 
may mean either forward or leftward 
movements. However, in the records from 
the other regions, the oblique angle of the 
recording device was such that upstrokes 
indicate either headward or forward move- 
ment (KX,, or suprasternal notch), and 
either footward or forward motion (K,, and 
K., right and left epigastric regions). 


Results 


A. Pressure velocity curves of dogs during 
ejection. The data are summarized in 
Table I and illustrated in Figs. 1 and 2. 

1. THE VENTRICLES AND GREAT ARTERIES. 
The onset of ventricular ejection was 
characterized by an abrupt decline in the 
ventricular velocity trace which occurred 
simultaneously with the rise in aortic or 
pulmonic pressure. The velocity records 
from the vessels soon reached their peaks 
and began to decline. A small upstroke 
(Fig. 1, second arrow) then occurred in the 
aortic and, less commonly, in the pul- 
monary arterial traces. This was sometimes 
associated with a less prominent upstroke 
in the ventricular derivative (Table I). 
The velocity traces then exhibited further 
reduction, even though the absolute pres- 
sures were still increasing rapidly. 

As rapid ejection ended, the usual 
“shoulder” in the ventricular and arterial 
pressure curves was associated with a 
continuing decline in their derivatives. 
The small upstrokes in the conventional 
pressure records at the onset of the phase 
of reduced ejection were more clearly seen 
in the velocity records (Fig. 1, third arrow). 
This phenomenon was observed in every 
animal and was noted to occur slightly 
earlier in the ventricular than in the aortic 
traces. 

Throughout the remainder of ejection 
the velocity records tended to maintain 
a slow decline, and the aortic curves often 
exhibited what appeared to be either arti- 
facts or harmonic vibrations of the elastic 
aortic wall. 
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Comment: During rapid ejection, the 
actual ventricular pressures continue to 
rise. However, and possibly because the 
opening of the semilunar valves causes 
sudden enlargement of the total volume 
in direct communication with the cavities, 
the rate of rise decreases abruptly and the 
ventricular velocity traces exhibit sharp 
decline as the arterial upstroke begins. 
The arterial derivative soon reaches its 
peak, and the velocity of rise then dimin- 
ishes, even though the undifferentiated 
records show that the absolute pressure 
is still increasing rapidly. 

The second small rise in the aortic 
velocity trace would appear to be of vas- 
cular origin because it tended to precede 
slightly the smaller and less constant in- 
crease in the ventricular trace. This 
deflection is possibly due to elastic recoil 
of the aortic wall after its sudden disten- 
tion. As might be expected, this deflection 
was seen less frequently in the records from 
the more distensible pulmonary artery. The 
possibility that it is of artifactual nature 
cannot be excluded. 

The small upstroke which occurred regu- 
larly in both the ventricular and the 
arterial traces at the onset of reduced ejec- 
tion would seem to be of ventricular origin 
because it appeared slightly earlier in the 
records from the cavities than in those 
from the vessel. Its mechanism will be 
considered in the later discussion. 

2. THE ATRIAL VELOCITY RECORDS. The 
data are shown in Table I and Fig. 2. 
During the early part of ejection each 
animal displayed two abrupt upstrokes in 
the derivative traces of the two atrial 
pressures. All dogs likewise displayed two 
sharp downstrokes in the atrial velocity 
records. In the latter part of ejection a 
gradual rise was noted. These various 
events tended to occur slightly earlier in 
the right than in the left atrium. 

Comment: These several phenomena 
may be explained as follows: The abrupt 
upstrokes in the atrial derivatives are 
probably to be ascribed to headward 
ballooning of the closed atrioventricular 
valves, consequent to the high intraven- 
tricular pressures. The sharp downstrokes 
in the velocity records indicate either 
actual decline or decrease in the rate of 
rise in pressure in the atria. Such effects 
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Fig. 1. The traces of left ventricular (L V) and aortic (Ao) pressure (p) and of 
the first time derivative of pressure, or pressure velocity (v), of a dog are shown 
during two successive cardiac cycles. The ECG and heart sounds (H'S) are also 
depicted. Time lines 0.04 second. Paper speed 200 mm. per second. J, The 
onset of left ventricular ejection is shown by the abrupt rise in the aortic pres- 
sure and velocity traces and by the sharp decline in the left ventricular velocity 
record (first arrow). This change is not clearly seen in the undifferentiated LV 
curve. 2, The aortic velocity trace reaches its peak about 0.02 second after 
ejection begins and then declines rapidly. This decline is not smooth but is 
interrupted by a small upstroke (second arrow) which in other animals was 
sometimes reflected in the ventricular records (Table I). It is possibly due to 
elastic rebound of the aorta but may represent an artifact. 3, About 0.05 
second after the onset of LV ejection the now declining aortic and LV velocity 
traces exhibit an increase in the rate of rise in pressure (third arrow). This is 
more apparent in the ventricular than in the aortic record and is present, al- 
though less obvious, in the undifferentiated traces. The mechanism of this sec- 
ond rise in pressure is discussed in the text. The subsequent rapid deflections 
in the aortic velocity trace are not seen in the ventricular record and are prob- 
ably to be ascribed either to vibration of the aortic wall or to artifacts. 
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point ‘toward descent of the atrial floor. 
This might be due either to additional 
shortening of the papillary muscles or to 
a further movement (in addition to that 
which occurs during isometric contraction) 
of the atrioventricular rings toward the 
apex. The data supply no evidence as to 
which ‘of these motions preceded the other. 
The: slow rise in the atrial pressures dur- 


ing late ejection (V wave) is probably due 
to filling of these chambers. There is ample 
evidence that this occurs during ventricu- 
lar ejection, and it is naturally facilitated 
by the descent of the closed atrioventricular 
cusps. 

3. RECIPROCAL CHANGES IN THE VENTRIC- 
ULAR PRESSURE VELOCITIES. It has been 
shown that during isometric contraction’ 
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and during relaxation? the two ventricular 
pressure derivatives often display abrupt 
changes in opposite directions. Since such 
changes are probably guides to the move- 
ments of the interventricular septum, the 
velocity tracings recorded simultaneously 
from the two ventricles during ejection 
were scrutinized for reciprocal deflections. 
No consistent tendency toward such was 
encountered. Such displacement of the 
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interventricular septum as may occur in 
dogs during ejection would appear to be 
masked by the other motions which have 
been considered. 

B. Precordial movements during ejection. 
The findings are summarized in Tables II, 
ITI, and IV and in Fig. 3, and are illustrated 
in Figs. 4 and 5. 

I. SIZE OF THE LARGER MOTIONS. The 
total amplitude of the precordial excursion 
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Fig. 2. Conventional (p) and velocity (v) pressure traces from the four cardiac chambers 
of a dog are shown during two successive cardiac cycles, beginning and ending at the onset 
of ventricular excitation. Time lines 0.04 second. Paper speed 200 mm. per second. The 
onset of ejection of each ventricle is shown by the large downstroke in the respective 
velocity records. Shortly after the beginning of left ventricular ejection, each atrial 
velocity trace displays two abrupt upstrokes (/), separated and followed by downstrokes 
(2 and 4). These might conceivably be artifacts, but the close correspondence to the 
precordial deflections in records from human subjects (see text), and the constancy of 
occurrence of one or more of these deflections in the records from different dogs at the 
same time in the cycle, make this unlikely. The upstrokes are attributed to headward 
bulge of the atrioventricular cusps, and the downstrokes to further descent of the rings 
and/or additional shortening of the papillary muscles. The small slow upstroke (5), which 
begins somewhat later, is probably due to atrial filling. As the phase of reduced ejection 
begins, each ventricular velocity trace exhibits an upstroke (3), indicating increased rate 
of rise in pressure, which may also be seen in the undifferentiated pressure traces. See 
Fig. 1 and text. 
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Table 1. Summary of changes in pressure velocity in the cardiac chambers and great arteries of 
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Ventricles and great arteries 


Left ventricle and aorta Right ventricle and pulmonary artery 
M ry ion | Interpretation 
; Present Mean time* Present Mean time* 
in | (sec.) in (sec.) | 
Arteries 7 All 0 All Variablet —_| Onset of ejection 4 
Ventricles \ 
Arteries \ All 0.016 All .023 Peak velocity of rise in “ 
pressure 
Arteries 7 All 0.021 2 of 5 .025 Elastic rebound or \ 
Ventricles i 5 of 6 0.024 2 of 5 .025 artifact ‘ 
Ventricles 7 All 0.036 All .044 Laplace effect? 
Arteries 7 All 0.044 All .047 (see text) 


*Time after onset of left ventricular ejection. 


tRight ventricular ejection either before or after left ventricular ejection. 
tUncertein whether shortening of papillary muscles or pull of superficial muscles on A-V rings is responsible for this movement. 


Table 11. Mean times and amplitudes of larger movements during rapid ejection 


Right parasternal 


Left parasternal 


Movement | 
| Upper Lower Upper Lower 
| (Ki, 13) (Kis, 16) (Kee, 23) (Kas, 26) 
Total amplitude of trace (mm.) | 15.4 22.8 17.5 27.8 
| Time (sec. 
Large @utward | after Q) Absent Absent 0.110 0.105 
motion | 
| Size(mm.) | | 2.2 | 6.0 
| Time (sec. | | 
Large inward after Q) 0.111 | 0.115 | 0.143 0.136 
motion | 
Size (mm.) 11.6 | 16.6 1.2 20.2 


and the size of the major deflections are 
shown as averages in Table II. It will be 
seen that the degree of excursion was 
greatest in the lower precordium, and 
tended to be larger in the left parasternal 
than in the other areas. 

I]. GENERAL CONFIGURATION OF RECORDS. 
The traces from the lower left precordial 
regions resembled ventricular volume 


curves in most respects. Records from the 
right parasternal areas were rather like 
atrial pressure curves. Deflections from 
the suprasternal notch were similar to 
those of an arterial pulse. These several 
configurations are illustrated in Fig. 4. 

A considerable variability in general 


contour was encountered in the traces from 
the upper left intercostal spaces. In most 
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Left 


Right 


Motion 
Present 
in 


Mean time* 


Present 
(sec.) 


m 


Mean time* 
(sec.) 


Interpretation 


First All 


004 All 


0.002 
before 


Bulge of A-V cusps 


First | All 


.016 All 


0.008 


Descent of A-V cusps{ 


Late slow 7 | 


Second 7 | All 027 All 0.025 Bulge of A-V cusps 
Second | | All .038 All 0.032 Descent of A-V cuspst 
All .073 All 0.064 Atrial filling 


Mid-clavicular Anterior axillary 
Epigastric Suprasternal 
4 (Ke, Kei) (Kss) 
Upper Lower Upper Lower 
(Kaz, 43) (Kas, 46) 53) (Kss, 56) 
E 14.3 20.9 12.7 10.2 19.2 13.1 
b 0.111 0.104 0.118 0.110 See Table III 0.116 
4.6 9.3 5.2 4.9 7.6 
Variable Variable 
0.156 0.145 (0. 18-0. 32) (0. 15-0.25) 0.139 Absent 
Variable Variable 
6.1 14.1 15.0 Absent 


instances, records from the second inter- 
costal space in the anterior axillary line 
(Ks2) were of the ‘‘arterial’’ type (Fig. 
4,F). This configuration was found less 
frequently in the Ks3 region, and was oc- 
casionally seen in the upper (second and 
in the mid- 
clavicular and left parasternal lines. More 
commonly, the records from the latter 


third) intercostal 


spaces 


areas were of a mixed type; they had some 
of the features of arterial pulse tracings 
and resembled ventricular volume curves 
in other respects. 

III. SPECIFIC DEFLECTIONS. The several 
movements which were commonly ob- 
served during the period between 0.08 and 
0.105 second after the onset of the QRS, 
i.e., between the beginning of right and of 


Atria | 
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Table 111. Precordial motions during period from onset of left ventricular ejection to start of 


Motion 


Frequency of occurrence 


Time of onset after Q (sec.) 


Lower Constant 


0.104 (0.09-0.12) 


Large outward of left lower 


Lower K;: Constant | 


0.110 (0.08-0. 14) 


precordial area 


Lower Kz (29 of 30) | 


0.105 (0.08-0. 12) 


Kel (8 of 10) 


0.103 (0.09-0.12) 


K,: Large inward 


K,: Constant 


0.112 (0.085-0. 14) 


Suprasternal: Constant 


0.116 (0.10-0. 14) 


Outward of suprasternal and 


Upper K; (19 of 20) 


0.118 (0.10-0.14) 


upper precordial areas 


Upper K, (19 of 20) 


0.111 (0.09-0. 13) 


Upper K, (17 of 20) 


0.110 (0.085-0. 13) 


*Size of motion relative to the total amplitude of the record in which it occurred. 


Table IV. Systolic movements of precordium in relation to carotid pulse 


Time of onset 
(sec.) Frequency in various 
Motion areas 
After Q Carotid 
Main left precordial 0.13 + 0.03 | 0.02 + 0.01 | Constant at lower Ke and Ky; 
and epigastric after CU variable at K; 
During rapid downstroke 
carotid — 
upstroke Small right parasternal 0.18+ 0.04 | 0.06+ 0.03 | Constant K, high 
upstroke after CU Frequent K, low 
| | Absent elsewhere 
| 
General outward 0.215+ 0.035; 0.09 + 0.02 | K, constant 
motion after CU Ke: Almost constant 
During Others: Frequent 
reduced 
ejection Late inward motions 0.26+ 0.05 | 0.15 + 0.05 | Ke constant in one or more 
before CIN areas 
Kr: Almost constant 
Inward motion of Variable Variable K,-: Constant 
supracardiac area K52: Usual 
42, 43° Occasional 


| 


| 


CU: Onset of carotid upstroke. 


CIN: Carotid incisural notch. 


Kr: Epigastric traces. 


Kss: Trace from suprasternal notch. 


| 
| 
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| | 
| | 
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| | 
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Amplitude 
> Remarks Tentative interpretation 
Absolute Relative* 
Greatest at (apex); Forward-leftward-footward 
& Large Ks5; Kose Absent at K, recoil of left ventricle 
\ Largest lower Largest upper Ky, Ky, Ks: Previous outward | Decrease in volume due to ejection 
3 K; motion continues of both ventricles 
Largest at suprasternal and Ks: areas Present at K, in only one Expansion of great vessels and/or 
subject bulge of mitral cusps 
Relative size in 
different areas Remarks Tentative inter pretation 
Low > high Roughly parallel to stroke volume Volume change in ejection 
Ky > Ky 
Kr: Large 
¢ K,: High > low Often fused with next and larger Bulge of tricuspid valve into atrium 
outward motion 
2 K,: High > low About 0.01 sec. after end of rapid ejec- Atrial filling (K1); also descent of inferior 
5 tion. Often less in fourth than in border (Kg). Descent of mitral 
K;: Low > high higher or lower intercostal spaces leaflets? 
Low > high Variable small deflections at Volume change in ejection. Terminal short- 
K,, Ka, Ks ening of LV with backward, headward 
pull and decreased base-apex length 
Vascular runoff: (? also pull on semilunar 
Low: Absent Large relative size rings?) 


LV: Left ventricle. 
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left ventricular ejection, respectively, have 
been discussed in the previous report which 
dealt with the pre-ejection phase of systole.! 
The motions seen during the period when 
both ventricles are ejecting are summarized 
in Tables III and IV. They may be sub- 
divided according to their relation to the 
carotid upstroke. 

a. Motions between the onset of left ven- 
tricular ejection and the start of the carotid 
upstroke (Table III). 

1. The main outward motion in the lower 
left precordial region. Approximately 0.105 
second after the beginning of the QRS, an 
outward deflection was observed in the 
lower Ky, Ke, and Kg intercostal spaces 
(Figs. 3,A, 4, and 5). This movement was 
usually largest in the region of the apex 
(Table II), as would be expected, since it 
corresponds to the normal apex tap. It 
appeared to occur about 0.005 second later 
in the anterior axillary line than in the 
lower precordial areas. Aside from deflec- 
tions due to the ejection downstroke and 
to filling, this is often the largest movement 
in the normal precordial trace. 

The relationship in time of this motion 
to the ballistocardiogram and to the carot- 
id upstroke was of some interest. In the 
older subjects it preceded the latter by 
approximately 0.015 second, whereas in the 
younger group this motion occurred about 
0.025 second before the start of the carotid 
upstroke. In a given person this motion 
corresponded closely to the second portion 
of the biphasic H-I downstroke of the 
low-frequency acceleration ballistocardio- 
gram. 

This sudden outward motion is reduced 
in amplitude in many patients with cardiac 
disease, although those with left ventricular 
hypertrophy commonly display a larger, 
more gradual, and longer sustained deflec- 
tion which starts earlier in the cycle. 

This deflection appears to correspond to 
the onset of left ventricular ejection in the 
dogs, as shown by the sharp rise in the 
aortic pressure and velocity traces and the 
simultaneous decrease in the left ventric- 
ular velocity record (Figs. 1 and 2). 

Comment: In a previous publication,‘ 
evidence was presented for the view that 
this abrupt and large outward motion of 
the precordium represents recoil as left 
ventricular ejection occurs. The shorter 
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duration between the onset of this motion 
and the beginning of the carotid upstroke 
in the older subjects is attributed to more 
rigid arteries and shorter pulse wave trans- 
mission time. 

2. The largest right parasternal inward 
motion. At 0.112 + 0.025 second after 
Q, a large downstroke occurred (Figs, 
3,B and 4,A). The absolute amplitude of 
this movement was greater in the lower 
(Kis and Ky.) than in the upper (Kj. and 
intercostal spaces. However, the 
amplitude relative to the total excursion 
of the trace was about the same (Table II). 

Comment: This deflection occurs at a 
time when both ventricles are ejecting 
rapidly, and is ascribed to the volume 
change of ejection. It corresponds well 
in time to the first large downstroke ob- 
served in the atrial pressure velocity trace 
of dogs (Fig. 2). These observations con- 
stitute evidence in support of the concept® 
that descent of the tricuspid leaflets is of 
major importance in the mechanics of right 
ventricular ejection. It is uncertain whether 
this motion is due to additional shortening 
of the papillary muscles or of the super- 
ficial fibers, with a downward pull on the 
tricuspid annulus. 

3. Outward motion in the suprasternal 
and upper precordial areas. At 0.10 to 0.14 
second after Q (average 0.117) the supra- 
sternal and the upper left axillary traces 
exhibited outward excursion (Figs. 3,C, 
4, E and F, and 5,£). The upper K2 and 
K, areas sometimes displayed outward 
movements which began slightly earlier 
(Table III). All of these deflections oc- 
curred a few thousandths of a second after 
the larger left lower precordial outward 
motion which has already been considered. 

Comment: These movements began 
about 0.01 second before the start of the 
carotid upstroke. In the suprasternal area 
this motion was the beginning of the pulse 
wave contour. This observation suggests 
that the deflection is related to the systolic 
expansion of the great vessels. However, 
the left atrial velocity records of the dogs 
(Fig. 2) exhibited at this time a sharp 
upstroke which indicated headward bulge 
of the closed mitral leaflets. Possibly both 
of these factors contributed to the out- 
ward motion of the upper precordial region 
as observed in man. 
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Fig. 3. Diagram of cardiac motions during ejection. The actual times of the pressure velocity (v) deflections of 
the dogs have been altered to correspond to the same heart rate that was present in human precordial records 
(K). A, Onset of left ventricular ejection is indicated by abrupt respective fall and rise in left ventricular and 
aortic derivatives of the dog and by a quick outward recoil in the region of the apex. B, Large inward motion 
in the right parasternal region (K13) apparently corresponds to sharp descent of right atrial floor. C, Upstrokes 
in the suprasternal notch (Kes) and in the second intercostal space in the left anterior axillary line (Ks2) follow 
the aortic upstroke (Aov) by about 0.01 sec., which approximates transmission time of the pulse wave to the 
aortic arch and subclavian artery. The possibility that headward bulge of the mitral cusps which is regularly 
seen in the left atrial traces of the dogs (LA,) contributes to these outward motions of the supracardiac area 
cannot be excluded. Motions A, B, and C are almost simultaneous. D, Large downstrokes over the lower pre- 
cordium and in the epigastrium represent change in volume. Analogues in the derivatives of the dog’s pressure 
traces occur earlier (A). E, Upstrokes in the right atrial velocity curve and in the upper right parasternal area 
(Kis) are both ascribed to bulge of the tricuspid leaflets into the right atrium. F, The aortic pressure velocity 
curve displays a small upstroke which is probably due to elastic rebound, and which is sometimes associated 
with a change in slope in the ventricular velocity record. Just after the end of the rapid ejection these two rec- 
ords and the human carotid (Car) trace display upstrokes. These are possibly related to the effect of reduced 
volume on pressure (see Discussion). G, Two different motions are illustrated. The outward motion in the left 
epigastric area (K.:) coupled with abrupt decline in the left atrial velocity record points toward a change in 
shape in the left ventricle due to descent of the mitral leaflets. The rise in the two atrial velocity curves asso- 
ciated with a generalized outward motion of the precordium, greatest in the area of the right atrium (Kis), sug- 
gests that the atria are filling more rapidly than the ventricles are emptying. H, The terminal inward precordial 
motions are ascribed to backward and headward motion of the heart borders. No clear analogues were encount- 
ered in the pressure derivative traces of the dog. J, The last motion observed in the precordial records was a 
large downstroke in the suprasternal traces (Ks). This is ascribed to runoff from the aorta. 
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Fig. 4. D. G., a normal 26-year-old man. Time lines 0.02 second. The traces begin and end at the onset of the 
ORS. Note the resemblance of the different records to ventricular volume (B, C, D), arterial pulse (E, F), and 
atrial pressure (A) traces. As left ventricular ejection begins, three phenomena are noted: (1) A large recoil 
upstroke is seen over the lower left precordium (first arrow, B and C) and in the epigastrium (first arrow, D). 
In B this upstroke is preceded by a much smaller one due to right ventricular recoil. (2) The right parasternal 
record (A) displays a prominent downstroke (first arrow), attributed to descent of the tricuspid leaflets. (3) 
The suprasternal (£) and high left axillary (F) records exhibit large upstrokes which are attributed to expan- 
sion of the aorta and the left subclavian artery, respectively. During the early part of rapid ejection the main 
inward motion of the left precordial (B and C, second arrow) and of the epigastric (D, second arrow) regions 
occurs. A little later the small right parasternal upstroke (A, second arrow) ascribed to bulge of the tricuspid 
leaflets is seen. As reduced ejection begins, a large (A, third arrow) or small (B and C, third arrow) outward 
motion occurs. This is attributed to rapid filling of the posteriorly situated atria. The descent of the inferior 
border (D, third arrow) associated with a downward notch in the upper precordial traces (E and F, second arrow) 
is probably due to descent of the mitral leaflets, or of the aortic annulus (see text). The sharp downstrokes in 
the suprasternal and upper axillary records (E and F, third arrow) are probably due to runoff of blood from the 
aorta and from the left subclavian artery. 


It may be noted that the three precordial 
deflections which have thus far been dis- 
cussed are almost simultaneous. All of 
these motions (left ventricular recoil, re- 
duction in cardiac volume, and expansion 
of great vessels) are related to a single 
phenomenon, the onset of left ventricular 
ejection. 

b. Motions during the rapid phase of the 
carotid upstroke. The abrupt rise in the 
carotid pulse began 0.11 to 0.145 second 
after the beginning of the QRS; the average 
value was 0.126. Rapid ejection, as judged 
from the carotid pulse, ended 0.17 to 0.25 
second after the start of excitation; the 
average value was 0.205. Both the onset 
and cessation of the rapid upstroke oc- 
curred approximately 0.01 second earlier 


in the older than in the younger subjects. 
During this period two precordial deflec- 
tions regularly occurred (Table IV). 

1. The large left precordial and epigastric 
downstrokes. These movements occurred 
earlier and were larger in the lower than 
in the upper precordial regions, both in 
absolute deflection and in relation to the 
total size of the tracing (Table II; Figs. 
3,D, 4, B and C, and 5,A). They were 
somewhat greater in the lower left para- 
sternal than in the mid-clavicular line, 
and were very variable, both in regard to 
size and time of onset, in the axillary line. 
In the epigastric traces this deflection was 
prominent; the amplitude was about three 
fourths of the total size of the trace (Figs. 
4,D and 5,B). 
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Skinner® has shown that this deflection 
is diminished in patients with biventricular 
failure and usually increases as improve- 
ment occurs. 

Comment: This large inward motion, 
which has the greatest magnitude of any 
single movement during the cycle in some 
precordial areas, would appear to be clearly 
related to the volume change of ejection. 
Its smaller size and later onset in the upper 
as compared to the lower left precordial 
intercostal spaces is presumably dependent 
on the mixture of arterial and ventricular 
patterns in the upper precordium. 

2. The small right parasternal upstroke. 
Shortly before the end of rapid ejection, 
as judged by the carotid upstroke, outward 
movement was constantly observed in the 
right parasternal area (Table IV). In 27 
of 49 records from this region a biphasic 
character of this motion was clearly seen 
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(Figs. 3,E and 4,A). The first part of this 
biphasic outward excursion began at 0.14 
to 0.19 (average 0.173) second after the 
beginning of excitation in the Ky». area, 
and at 0.16 to 0.22 (average 0.193) in the 
Kis region; the tracings in the other areas 
were intermediate. The amplitude of this 
initial portion of the K, outward motion 
was usually small, but the average size 
was greatest at the Kis region and least 
at the Kis area; the intermediate tracings 
again displayed intermediate values. Since 
the total amplitude of the tracing during 
the cardiac cycle was greater in the lower 
than in the upper regions, the relative size 
was considerably larger in the Ky. and 
Kis records than in the tracings from the 
lower right parasternal intercostal spaces. 

The second portion of this biphasic 
upstroke was much larger than the first. 
It will be considered later. 
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Fig. 5. H. P., a normal 26-year-old man. Time lines 0.02 second. The records begin and end at the onset of 
the P wave. Q indicates the start of the QRS of the ECG. The recoil movements as left ventricular ejection 
starts are small in the left parasternal and epigastric areas (A and B, first arrow), but larger in the lower left 
anterior axillary region (C, first arrow). The almost simultaneous motions of arterial expansion are readily 
seen in the high axillary and suprasternal records (D and E, first arrow). The inward motion of ejection is marked 
in the lower precordial traces (A, B, C, second arrow) but not in the supracardiac areas (D and E). The promi- 
nent upstroke in the infracardiac regions (third arrow, A, B, C) associated with a downstroke in the upper 
axillary trace (second arrow, D) is ascribed to a change in shape as the mitral leaflets are pulled toward the apex. 
Late in systole, backward and/or headward motion (fourth arrow, A, B, C) and arterial runoff (second arrow, E) 


are seen, 
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Comment: The observation that this 
small right parasternal outward deflection 
which occurs during the latter part of 
rapid ejection is consistently earlier and 
greater over the upper than the lower inter- 
costal spaces in normal persons would sug- 
gest that it may be related to some event 
which transpires in the right atrium. All 
of the dogs displayed one or more upstrokes 
in the pressure velocity traces of the two 
atria at approximately this time of the 
cycle. The abruptness of these motions 
make it improbable that atrial filling is 
responsible. The other possible cause of 
this precordial motion would appear to 
be bulging of the tricuspid valve into the 
right atrium as the pressure in the ven- 
tricle approaches its peak. 

c. Motions during reduced ejection. The 
rapid phase of the carotid upstroke ends 
at approximately 0.21 + 0.03 second after 
the beginning of excitation. During the 
next few hundredths of a second, several 
different movements were noted (Table 
IV). 

1-2. General outward motion. At 0.215 + 
0.035 second after Q, or 0.09 + 0.02 second 
after the onset of the carotid upstroke, 
two different movements appeared to occur 
(Table IV). One of these was a large out- 
ward motion in the K, area. In most sub- 
jects the onset of this deflection could be 
defined (Figs. 3,G and 4,A), but occasion- 
ally it was fused with the preceding up- 
stroke, which began about 0.04 second 
earlier. In the left precordial region the 
preceding movement which started earlier 
than 0.20 second after Q was normally 
absent, but most of the tracings displayed 
either a small outward motion (Fig. 4, B 
and C) or a sudden decrease in the slope 
of the inward movement of ejection, at 
the time the second and larger component 
of this outward motion appeared in the 
right parasternal area. In the latter region 
this movement was greater in the upper 
than in the lower intercostal spaces, even 
though the total amplitude of the trace 
was larger in the latter area. Tucker, 
Knowles and Eddleman’ has shown that a 
movement occurring at the same time as 
this one is markedly exaggerated in the 
left precordial area in most patients with 
mitral insufficiency. 

The other motion observed at this time 


Am. Heart J. 
December, 196} 


was an outward deflection in the epigastric 
region (that is, forward or downward 
motion of the inferior border of the heart), 
This occurred in 18 of 20 records, and was 
larger on the average than in any of the 
left precordial areas but was much smaller 
than the large motion in the right para- 
sternal region (Figs. 4,D and 5,B). The 
supracardiac tracings sometimes displayed 
a small downstroke at this time (Fig. 
5, D and E). 

The atrial pressure velocity tracings of 
the dogs displayed two movements (Table 
I; Fig. 2) which appeared to correspond 
to those seen in the human subjects. Aside 
from the previously mentioned quick 
upstrokes ascribed to bulge of the atrio- 
ventricular cusps, one or more abrupt 
downstrokes and a later gradual upstroke 
were observed. 

Comment: It would seem that two dif- 
ferent mechanisms are responsible for the 
outward motion which occurs during the 
early phase of reduced ejection. The 
descent of the inferior border of the heart 
(upstroke in epigastric traces) at a time 
when the ventricles are expelling blood indi- 
cates that the reduction in volume is being 
masked by a change in the shape of the 
ventricular cavities. The decline in the 
atrial pressure velocity traces of the dogs 
suggests that the atrial floors (atrioven- 
tricular valves) are being pulled toward 
the ventricles. Additional shortening of 
the papillary muscles and/or of the super- 
ficial fibers which pass from the rings of 
these valves to the apex would account 
for the phenomena observed in both species. 

The other motion seen at this time was 
largest to the right of the sternum in the 
upper intercostal spaces. This suggests that 
it is related in some way to events which 
occur in the right atrium. Since Brecher’ 
has shown that this chamber fills rapidly 
during ventricular systole, it seems prob- 
able that such filling is responsible for 
this relatively large outward motion at a 
time when ejection is still occurring. This 
conclusion is supported by the finding of a 
slow upstroke in both atrial velocity 
traces of the dogs. Because the atria are 
situated behind the ventricles, atrial filling 
could likewise account for the small for- 
ward motion observed at this time in most 
of the left precordial traces. The quantita- 
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tive balance between the respective rates 
of ventricular emptying and of atrial inflow 
would determine whether there is an actual 
outward movement or a decreased inward 
deflection in the left precordial areas. 

The increased prominence of this motion 
in patients with mitral insufficiency offers 
further evidence that atrial filling is con- 
cerned. 

Consideration of the abnormal precordial 
motions which are commonly seen in pa- 
tients with cardiac disease is beyond the 
scope of this communication. However, it 
may be mentioned that there is evidence, 
which will be presented in future reports, 
indicating additional causes of paradoxical 
(i.e, outward) motion during late ejection 
in such patients. 

3. Late inward motions of the precordium. 
At approximately 0.25 second after the 
beginning of excitation, and about 0.15 
second before the carotid incisural notch, 
inward excursion of one or more of the Kz 
areas was seen in most subjects (Table IV; 
Figs. 3,H and 5,A). This was sometimes 
followed by a small outward motion in the 
same regions. Downward deflections were 
likewise encountered in 17 of 20 epigastric 
traces (Fig. 5,8) and in more than half 
of the records from the Ky, Ks, and K, 
areas. 

It is uncertain whether an analogous 
movement was observed in the dogs. As has 
been mentioned, all of them displayed an 
upstroke in the previously declining ven- 
tricular velocity traces. However, this 
change appeared in the animals at a rela- 
tively earlier time than the late inward 
systolic motion of the precordium in the 
human subjects. 

Comment: These motions are probably 
mainly of left ventricular origin, because 
they are often exaggerated in persons with 
left ventricular hypertrophy. It would 
appear that they are related to terminal 
contraction of the left ventricle, or of both 
ventricles, pulling the whole heart or, 
possibly, the interventricular septum back- 
ward and thus causing the inward motion 
at the Ky points. Similarly, a headward 
pull by both ventricles on the inferior 
border of the heart would account for the 
downstroke in the epigastric records. 

However, since ejection is still proceed- 
ing—although at a slow rate—at this time, 
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the distinction between the change in vol- 
ume of ejection and the postulated terminal 
changes in shape due to ventricular activity 
cannot be made with certainty. 

4. Inward motion in the suprasternal 
notch. All of the normal subjects exhibited 
a large late systolic downstroke in the 
suprasternal tracing, and 9 of 10 in the 
record from the second intercostal space 
in the anterior axillary line (Ks52) (Table 
IV; Figs. 3,J, 4,£, and 5,E). Such tracings 
from the second and third left precordial 
intercostal spaces, which had a general 
arterial pattern, also displayed a large 
downstroke at this time (Fig. 4,F). 

During late systole the ventricular 
velocity traces of the dogs exhibited a slow 
decline which was sometimes interrupted 
by a slight upstroke or by a lessening of 
the slope of the downstroke. 

Comment: This particular motion oc- 
curred in records which had the configura- 
tion of an arterial pulse wave. When pres- 
ent, it was of large amplitude and corre- 
sponded to the late systolic downstroke in 
the pulse wave record. Therefore, it is to 
be assumed that this movement was related 
to runoff from the aorta and, in the case of 
Ks2 trace, perhaps from the subclavian 
artery also. The possibility that a terminal 
downward pull on the semilunar rings also 
contributed to this deflection cannot be 
excluded. The tendency toward an up- 
stroke in the ventricular traces of some of 
the dogs suggests that this may have been 
an additional, although minor, factor. 

IV. SEQUENCE OF MAJOR INWARD PRE- 
CORDIAL MOTIONS. Although slight individ- 
ual differences were noted, a relatively 
constant general pattern of inward move- 
ment was observed (Table II). The upper 
and then the lower right precordial regions 
displayed the first main downstrokes. 
Successive large inward motions were then 
seen in the lower left parasternal and epi- 
gastric areas, the upper left parasternal 
and apical regions, the upper left mid- 
clavicular, the lower left axillary, and the 
upper left axillary areas. The time of 
inward motion in the left axillary region 
varied widely in the different subjects, but 
in all of them the major downstroke of 
ejection occurred last in this area. 

Comment: These observations indicate 
that changes in shape are occurring in the 
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ventricles, even while their volumes are 
diminishing rapidly. It would seem that 
while certain fibers are undergoing rapid 
shortening, others are either shortening 
more slowly or are actually being stretched. 
The general sequence appears to be (1) 
descent of the tricuspid ring, (2) displace- 
ment of blood leftward (possibly due to 
septal shortening), (3) ascent of the apical 
and inferior margins, with headward dis- 
placement of blood, and, finally, (4) inward 
motion of the lower and then the upper 
portions of the left border. The relatively 
sustained outward motion of the left 
axillary region during the early part of 
rapid ejection points toward rounding of 
the left border due to leftward movement 
of the septum, ascent of the inferior border, 
and, possibly, downward motion of the 
mitral ring. 


Discussion 


The motions observed in the two species 
appeared to correspond well in most re- 
spects but not in all. In the human subjects 
the three precordial movements (recoil, 
decrease in volume, and arterial expansion) 
as left ventricular ejection began were re- 
flected in the respective abrupt rise and 
fall in the velocity tracings from the aorta 
and from the left ventricle of the dogs. 
The descent and bulge of the closed tri- 
cuspid valve of the dogs appeared to have 
analogues in the right parasternal area of 
the human subjects. An indirect indication 
of descent of the mitral cusps, in the form 
of paradoxical (outward) motion of the 
inferior border, was seen in the human 
subjects, and direct evidence of such a 
motion was found in the animals. In both 
species, evidence of atrial filling was noted 
during the latter part of ventricular ejec- 
tion. 

No conclusive sign of bulge of the mitral 
valves was seen in the human subjects, de- 
spite the clear evidence for the presence 
of this phenomenon in the dogs. The mo- 
tion possibly due to elastic recoil of the 
aorta in the dogs was not regularly ob- 
served in the suprasternal or upper pre- 
cordial areas of man. 

The data appear to offer some elucida- 
tion of the contour of the pressure pulse 
in the ventricles and large arteries. After 
the “‘shoulder’’ which terminates rapid 
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ejection there is a further rise to the highest 
absolute pressure which is reached during 
reduced ejection. This late increase jn 
pressure seems to be dependent on cardiac 
ather than peripheral factors because the 
corresponding rise in the velocity curve in 
the ventricles usually precedes that in the 
aorta and pulmonary artery (Table I). It 
does not seem probable that additional 
fibers are entering into contraction, or that 
there is a sudden increase in the strength 
of contraction at a time so long after the 
end of excitation. A more likely explanation 
of the rise in pressure during reduced ejec- 
tion is given below. 
According to the Laplace equation, 


tension 
pressure = ————. 
radius 


Thus, if the tension, or strength of con- 
traction, remains constant, the pressure 
will rise as the volume, and hence the 
radius, decreases. The quantitative sig- 
nificance of this equation will obviously be 
modified by such factors as the irregular 
shape of the ventricular cavities, the 
peripheral resistance, the rate of runoff 
of blood, and the rebound of the great 
vessels. However, the principle is applic- 
able, and this explanation is in keeping 
with the observation that the change in 
velocity in the ventricles usually preceded 
that in the great vessels and is, therefore, 
presumably of cardiac origin. 

During ejection, as in isometric con- 
traction, successive areas of musculature 
appear to reach their contractile peak at 
different times. The changes in shape so 
induced may mean that, despite the re- 
duction in ventricular volume, certain 
fibers are now stretched more than at an 
earlier phase of ejection. The extent to 
which the occurrence of such additional 
stretch in fibers which had _ previously 
begun to shorten may cause them to con- 
tract with greater vigor is uncertain. There 
is evidence that such a phenomenon may 
occur in cardiac muscle.’ If this effect, 
which might be called the secondary length 
does, like the initial length, play a role 
in the force of the subsequent terminal 
contraction, it may perhaps also contribute 
to the rise in pressure which occurs during 
reduced ejection, and, thus, to the contour 
of the ventricular and arterial pressure 
pulses. The relation of such phenomena to 
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the terminal systolic precordial movements 
is obscure. 

These concepts of cardiac motion are in 
many respects similar to those of Rushmer!? 
and his colleagues, who utilized entirely 
different methods. The observation that 
the phenomena observed in two separate 
species studied under varying experimental 
conditions and with completely different 
techniques are susceptible to- the same 
interpretations increases the likelihood of 
the validity of the general concepts. On 
the other hand, this evidence in regard to 
the genesis of the precordial motions is of 
indirect nature, and studies by more direct 
methods are desirable. Attempts along 
these lines are currently in progress. 


Summary 


The precordial movements (kinetocardio- 
grams) of normal adults during ventricular 
ejection have been analyzed in relation to 
the velocity of pressure change in the 
cardiac chambers and great vessels of dogs. 
The data point toward the following general 
sequence of cardiac motion. 

A. During the period between the onset of 
left ventricular ejection and the start of the 
carotid upstroke: Three almost simultaneous 
precordial movements occur at this time. 
(1) Left ventricular recoil occurs and pro- 
duces the normal brief apex tap as the 
left side of the precordium moves out. (2) 
As both ventricles eject, there is a large 
inward motion of the right parasternal 
region. This is apparently produced by 
rapid descent of the closed tricuspid valve. 
(3) The expansion of the aorta produces an 
outward motion in the suprasternal notch, 
and sometimes in the upper intercostal 
spaces. The analogous movements in the 
dog are the respective rise and fall in the 
aortic and ventricular pressure velocity 
curves and a sharp dip in the right atrial 
velocity record. 

B. During the rapid phase of the carotid 
upstroke: (1) The volume change of ejection 
causes large inward motion of the left pre- 
cordial and epigastric areas. (2) Outward 
movement of the upper right parasternal 
region occurs. This is apparently due to 
bulge of the tricuspid valve, which is shown 
in dogs by an ascent of the atrial pressure 
velocity tracing. (3) In dogs the aortic 
velocity record, having passed its peak, 
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shows a small upstroke which is possibly 
an artifact, but which may be due to 
elastic rebound. A similar motion has not 
been seen regularly in tracings from human 
subjects. 

C. During reduced ejection: (1) A large 
upstroke in the region over the right 
atrium, and a much smaller outward move- 
ment (or diminished inward deflection) in 
the left precordial area, is ascribed to atrial 
filling. (2) An outward motion of the 
epigastrium, and sometimes of the lower 
precordium, occurs. This is probably re- 
lated to descent of the mitral annulus, 
since the left atrial velocity record of the 
dogs shows a downstroke at an approxi- 
mately corresponding time. (3) The ter- 
minal precordial systolic movements are 
somewhat variable but usually include 
inward motion (further decrease in ven- 
tricular volume) of the left precordial and 
epigastric areas. (4) Since blood leaves the 
aorta more rapidly than it enters, the 
tracing from the suprasternal notch moves 
inward. 

The pressure velocity tracings from the 
ventricles and from the great arteries of 
the dogs show an upstroke as the phase of 
reduced ejection begins. This is ascribed 
to the rise in pressure which results from 
a decrease in volume when fiber tension 
is relatively constant (Laplace effect). 

During ejection, certain changes in shape 
occur and appear to cause stretch of some 
of the fibers. The extent to which such 
secondary length may influence the terminal 
contraction of these fibers is uncertain. 


REFERENCES 


1. Coghlan, C., Prieto, G., and Harrison, T. R.: 
Movements of heart during period between on- 
set of ventricular excitation and start of left ven- 
tricular ejection, AM. HEART J. 62:65, 1961. 

2. Prieto, G., Coghlan, C., and Harrison, T. R.: 
Movements of the heart during the period be- 
tween the onset of relaxation and the beginning 
of ventricular filling, AM. HEART J. 62:528, 1961. 

3. Reeves, T. J., Hefner, L. L., Jones, W. B., 
Coghlan, C., Prieto, G., and Carroll, J.: The 
hemodynamic determinants of the rate of 
change in pressure in the left ventricle during iso- 
metric contraction, AM. HEART J. 60:745, 1960. 

4. Norman, J. R., and Harrison, T. R.: Move- 
ments and forces of the human heart. IV. 
Precordial movements (kinetocardiograms) in 
relation to ejection and filling of the ventricles, 
A.M.A. Arch. Int. Med. 101:582, 1958. 

5. Anzola, J.: Right ventricular contraction, Am. 

J. Physiol. 184:567, 1956. 


| 

! 


820 Harrison, Coghlan, and Prieto pdm Hears. 


6. Skinner, S. N., Jr.: Kinetocardiographic find- 8. Brecher, G. A.: Venous return, New York, 
ings in patients with congestive heart failure 1956, Grune & Stratton, Inc. 
and changes following therapeutic digitaliza- 9. Abbot, B. C., and Mommaerts, W. F. H. M.: 
tion, AM. HEART J. 61:445, 1961. A study of inotropic mechanisms in the papillary 
. Tucker, W. T., Knowles, J. L., and Eddleman, muscle preparation, J. Gen. Physiol. 42:533, 
E. E., Jr.: Mitral insufficiency: cardiac me- 1959. 
chanics as studied with the kinetocardiogram . Rushmer, R. F.: Cardiovascular dynamics, 
and ballistocardiogram, Circulation 12:278, Philadelphia, 1961, W. B. Saunders Company. 
1955. 


| 
} 

| 


Case 
reports 


Aortic atresia 


Acase report and a review 


Larry P. Elliott, M.D. 

E. B. Best, M.D. 

Gerold L. Schiebler, M.D. 
Gainesville, Fla. 


he pathologic features of congenital 

aortic atresia have been well docu- 
mented, but most previous reports have 
been characterized by a paucity of asso- 
ciated clinical data. 

In this case a full clinical evaluation, 
which included physical examination, elec- 
trocardiogram, vectorcardiogram, phono- 
cardiogram, thoracic roentgenograms, 
retrograde aortogram, and cardiac cath- 
eterization, was possible prior to death, 
and could be correlated with the patho- 
logic specimen. 


Case report 


L. J., an 11-day-old Negro female infant, was 
admitted to the University of Florida Teaching 
Hospital on Oct. 22, 1960, because of dyspnea which 
had been present for 1 day. The mother had had 
a normal gestation and labor. The home delivery, 
assisted by a midwife, was uncomplicated. Breathing 
and crying were spontaneous. A cleft lip and palate 
were noted at birth. Twenty-four hours prior to 
admission, the infant developed tachypnea, dyspnea, 
lethargy, and anorexia. Grunting respirations de- 
veloped a few hours before admission. 

The family history was noncontributory. 

Physical findings. At the time of admission the 
vital signs were: flush blood pressures—right arm, 
118; left arm, 114; right leg, 116 mm. Hg; pulse, 
130 per minute, strong and regular; respirations, 
84 per minute; temperature, 36°C., rectally. The 
weight (3.2 kilograms), length (51.5 cm.), and 
circumference of the head (35.5 cm.) were all normal 
for the age of the patient. The general appearance 
was that of an acyanotic, restless infant with severe 


dyspnea and tachypnea. A unilateral cleft in the 
left lip extended to the gingiva and into the hard 
and soft palates. 

No thrill was discernible in the suprasternal notch 
or over the precordium, but a strong thrusting 
right ventricular heave was palpated at the second 
and third left intercostal spaces. A Grade 3/6 
holosystolic decrescendo murmur, maximal at the 
fourth left intercostal space, but well transmitted 
to the apex, base, neck vessels, and left back, and 
a Grade 1/6 apical mid-diastolic murmur were 
noted. An ejection click was heard intermittently 
at the fourth left intercostal space. The second 
sound in the pulmonic area was very loud and single. 
The brachial, carotid, and femoral pulses were 
vigorous and bounding. The lungs were clear to 
auscultation. The liver was palpable 4 to 5 cm. below 
the right costal margin. 

The remainder of the physical examination gave 
normal findings. 

Laboratory data showed a hemoglobin of 16.4 
Gm. per 100 c.c., and a hematocrit of 50 volumes 
per cent. 

Roentgenologic examination (Fig. 1) showed 
marked cardiac enlargement, a widened superior 
mediastinum, and prominent convex right heart 
border secondary to right atrial enlargement, an 
upward turned apex, and complete filling of the 
retrosternal space by right atrial and right ventricu- 
lar dilatation. The pulmonary vasculature was in- 
creased and the aorta was not outlined. 

There was no roentgenologic evidence to suggest 
left ventricular or left atrial hypertrophy. 

The electrocardiogram (Fig. 2) showed a sinus 
rhythm at a rate of 130 per minute. The P-R inter- 
val was 0.10 second; QRS duration, 0.08 second; 
Q-T interval, 0.39 second; and the mean ORS axis 
in the frontal plane, +110 degrees. Right atrial 
hypertrophy was indicated by tall (0.4 mv.), peaked, 
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Fig. 7. Anteroposterior (/eft) and lateral (right) thoracic roentgenograms of the 11-day-old female infant who 
was in congestive heart failure with congenital aortic atresia. 


narrow P waves in Leads II and V2 together with a 
qR pattern in Leads V3px and V;. Right ventricular 
hypertrophy (systolic overload) was indicated by 
an abnormally high ratio of R to RS (80 per cent) 
and the pattern in Leads and V;, depressed 
S-T segments in Leads V; and V2, and positive T 
waves in the right precordial leads. 

The vectorcardiogram (Fig. 2) showed the direc- 
tion of inscription of the QRSsE loop to be clock- 
wise in the horizontal and frontal planes. The initial 
forces of the ORS vector were displaced posteriorly, 
superiorly, and slightly to the left. The body of the 
ORS loop was displaced anteriorly, inferiorly, and 
neither left nor right. The QRS loop inscribed a very 
narrow arc in the horizontal and frontal planes, 
and a wide arc in the sagittal plane. 

The QRS-T angle was narrow, which indicated 
a concordant (normal) relationship of the mean 
ORSsE and Tsk vectors. 

The PsE loop was indistinguishable in all planes. 

The phonocardiogram (Fig. 3) showed a moderate 
decrescendo holosystolic murmur, accompanied by 
a prominent delayed systolic ejection sound (QE 
time, 0.12 second) which was maximal in the fourth 
left intercostal space. The first sound was accent- 
uated. The murmur recorded well over the entire 
precordium. The second sound was single and accent- 
uated. Third and fourth sounds were present at the 
apex. 

A retrograde aortogram (Fig. 4) was diagnostic 
of aortic atresia. At the time of aortography the 
oxygen saturation of the blood which was taken 
from the right brachial artery, with the patient 
breathing 100 per cent oxygen, was 92 per cent 
(spectrophotometer, Hickam and Frayser method). 

Hospital course. Upon admission, the patient was 
treated immediately with digitalis, diuretics, and 
oxygen, and she responded within 24 hours. On the 
third day of hospitalization, retrograde aortography 
was performed, and the infant tolerated the proce- 
dure well. On the eighth day in the hospital, the 


respiratory rate increased from 65 to 105 per minute, 
and the condition of the patient began to deteriorate. 
She started to have generalized seizures, spells of 
apnea, and bouts of bradycardia. Cardiac catheteri- 
zation was performed on the tenth day in the 
hospital. The patient’s condition worsened, and 
she died during the latter part of the catheteriza- 
tion. 

Postmortem examination of cardiovascular system. 
The pericardial cavity contained about 15 c.c. of a 
yellowish clear fluid. The heart, which weighed 27 
grams, lay in a transverse position, with the apex at 
the anterior axillary line. The right ventricle was 
extremely prominent, and the right atrium was 
dilated approximately two to three times the normal 
size (Figs. 5 and 6). 

The valve of the foramen ovale was competent, 
but because it was not adherent along the anterior 
margin, it allowed a 3-mm. opening (Fig. 6). The 
right ventricle was hypertrophic, and measured 7 
mm. in thickness under the tricuspid valve. The 
septal cusp of the tricuspid valve was cleft. It had 
gnarled, redundant tissue and was plastered to the 
inferior margin of a 1-cm., crescent-shaped ostium 
primum type of atrial septal defect (Fig. 6). The 
tricuspid valve appeared to be incompetent because 
of the cleft septal cusp and the dilated orifice of 
the tricuspid valve, which measured 4.7 cm. in 
circumference. The other components of the tri- 
cuspid valve and the entire pulmonic valve were 
normal. At the bifurcation of the pulmonary artery 
was a large patent ductus arteriosus, which meas- 
ured 5 mm. in width and 2 mm. in length. The 
pulmonary veins were connected to a left atrium 
which was normal in size. There was a left atrial- 
right ventricular communication through the cleft 
septal leaflet of the tricuspid valve, and a cleft in 
the hypoplastic mitral valve (diameter of 4 mm.) 
which lay above the minuscule, 2-mm.-deep left 
ventricle. The ascending aorta had a normal rela- 
tionship to the pulmonary artery, but was hypo- 
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plastic (Fig. 5); it measured 4 mm. in diameter up 
to the level of the innominate artery, and then was 
1.8 cm. in diameter. In the atretic aortic valve, 
which measured 4 mm. in diameter, three minute, 
completely fused cusps were discernible. The left 
and right coronary arteries, their ostia, and their 
branches traversed a normal course. The great 
vessels of the aortic arch were normal in diameter 
and position. 

Postmortem examination of lungs. The lungs, 
which weighed a total of 73 grams, showed extensive 
atelectasis, grossly. Microscopic sections of the 
lung showed moderate congestion, extensive atelec- 
tasis, scattered petechiae, and had the over-all 
appearance of “Swiss cheese’ emphysema. The 
arterioles adjacent to the bronchioles were spiral, 
tortuous, and kinked. The thickness of the pul- 
monary arteriole wall in relation to total diameter 
was normal for the infant’s age. 

The two pertinent diagnoses were: (1) aortic 
valvular atresia, and (2) ostium primum type of 
atrial septal defect with cleft tricuspid and mitral 
valves. 


Discussion 


Aortic atresia, which falls within the 
spectrum of hypoplasias of the left side 
of the heart,!? is thought to be a rare con- 
genital cardiac anomaly. The number of 
cases reported in the literature seems to 
approximate 170. However, one is im- 
pressed by the divergence of the recorded 
tabulations; this is caused, in part, by the 
fact that in the eighteen-eighties the term 
atresia of the aorta had a much broader 
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connotation and included cases of coarcta- 
tion of the aorta.® 

Fanfani‘ attributes the earliest report of 
a case of aortic atresia to Farre, in 1814. 
This and succeeding reports,!*4-#! were 
essentially pathologic descriptions. Only in 
the last few years have clinical studies?:*?:*8 
been reported in patients with this anom- 
aly. 

Theories of the embryogenesis of aortic 
atresia have been summarized by Sanchez- 
Cascos and Chiva.?’? There appears to be 
no correlation with birth weight or any 
particular prenatal factor. Brekke*™ has re- 
ported 2 cases in one family. 

Although our patient was a female, 
several authors? have shown that the 
sex distribution in aortic atresia is approx- 
imately 2 males to 1 female. 

The early onset of cardiac failure in this 
infant is characteristic of aortic atresia. 
Keith and co-workers® found this defect 
to be the most common cause of heart 
failure in the first week of life. 

The cleft lip and palate in our case are 
not unexpected since additional noncardiac 
anomalies have been noted to occur fre- 
quently in patients with obstructive le- 
sions of the left side of the heart.’ 

Although atresia of the aorta is usually 
thought of as a cyanotic entity, it is not 


Fig. 2. Left: Electrocardiogram of the 11-day-old female infant with congenital aortic atresia (see text for 
complete description). Right: Vectorcardiogram (Grishman cube method) taken when the subject was 15 days 
old. H, S, F, Horizontal, sagittal, and frontal planes, respectively. 7, T vector loop. Arrows indicate direction 
of inscription of QRS loop (see text for complete description). 
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Fig. 3. Electrocardiographic Lead I (above) and simultaneous phonocardiogram (below), taken at 
the fourth left intercostal space in the 15-day-old female infant with congenital aortic atresia. 
The first sound (.S;) is accentuated. The phonocardiogram shows a moderate holosystolic de- 
crescendo murmur (SM) accompanied by a delayed systolic ejection sound (£). The second 


surprising that our patient appeared to 
be acyanotic. Two separate samples of 
peripheral arterial blood in our case, with 
the patient receiving oxygen by mask, 
were 92 and 87 per cent saturated. Keith 
and co-workers” measured arterial oxygen 
saturations in 6 cases, and 3 of these had 
values over 90 per cent when supple- 
mental oxygen was administered. Thus, 
although cyanosis eventually develops, 
often in conjection with cardiac failure, it 
may not be present or clinically apparent 
in the first few days of life. 

The pulses in our patient were vigorous 
and bounding, with the flush blood pres- 
sures over 100 mm. Hg. These are unusual 
physical findings since Keith and co- 
workers” and Taussig** both emphasize the 
weak or absent peripheral pulses in patients 
with aortic atresia. 

The murmurs described in the reported 
cases have. been variable in location and 
intensity, and no typical auscultatory 
findings have been established. Among the 
38 infants with aortic atresia reported by 
Keith, 15 had a systolic heart murmur; 


sound (S2) is single and accentuated. A fourth sound (.S4) was present. 


the others had none. Ten of the 15 patients 
in the series of Noonan and Nadas? had 
nonspecific soft systolic murmurs audible 
over the precordium. In 3 of these 10 
patients an additional mid-diastolic rumble 
over the apex was noted. 

Our auscultatory and phonocardio- 
graphic findings (Fig. 3) correlate well. The 
holosystolic decrescendo murmur may be 
explained on the basis of tricuspid in- 
sufficiency or increased flow through the 
pulmonary valve, or both. 

The documentation by auscultation, and 
the recording on the phonocardiogram 
(Fig. 3) of a systolic ejection click adds 
aortic atresia to the list of entities in which 
this may be noted. Presumably, this sys- 
tolic ejection sound was caused by rapid 
expansion of the pulmonary artery. This 
expansion of the tremendously pulsatile 
pulmonary artery was documented by 
cinefluorography and supports the view 
that the ejection sound was of pulmonic 
origin. The respiratory rate was too rapid 
for us to observe whether the intensity 
of the ejection click decreased with in- 
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spiration and increased with expiration as 
is usual when the ejection clicks are of 
pulmonic origin. The delayed onset indi- 
cates a prolonged right ventricular iso- 
metric contraction time. The maximum 
intensity of the ejection click was at the 
fourth left intercostal space, but it is not 
unusual for sounds of pulmonic origin 
to radiate down the left sternal border. 

The mid-diastolic murmur at the apex 
of the heart was presumably due to rapid 
ventricular filling during diastole, since the 
right ventricle received the blood from 
both atria. 

Roentgenologic findings, though they 
at times may be suggestive, are not diag- 
nostic of atresia of the aorta. The marked 
cardiomegaly (caused by right atrial and 
right ventricular hypertrophy) and the 
increased pulmonary vascularity have been 
reported many 

The electrocardiogram in this case 
showed right axis deviation. This was one 
of the earliest and most frequently 
described electrocardiographic fea- 
although Soloff?® re- 
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ported a case in which there was left axis 
deviation. Right atrial enlargement, right 
ventricular hypertrophy, upright T waves 
in the right precordial leads, with flat to 
partially inverted T waves in the left pre- 
cordial leads, were prominent features 
(Fig. 2), and were also noted by Keith 
and co-workers.*? There was no evidence 
of left ventricular activity over the pre- 
cordium. Slight slurring of the ascending 
limb of the R wave, seen in Leads V; and 
Ve (Fig. 2), can also be noted in Leads 
V, and V; in Keith’s tracing.» The qR pat- 
tern in the right precordial leads is an 
important sign and is consistent with an 
enlarged right atrium and right ventricle.* 
Although the necropsy specimen showed 
an ostium primum type of atrial septal 
defect with ‘“‘clefting’’ of both atrioven- 
tricular valves, our tracing was not typical 
of the usual ostium primum defect.*® 

Our tracing showed neither first-degree 
heart block nor widening of the QRS inter- 
val. Lev and Killian accounted for the 
first-degree heart block in 2 cases of aortic 
atresia by noting increased connective 


Fig. 4. The retrograde aortogram taken in the 14-day-old female infant with aortic atresia. Left: Anteroposterior 
postion. Right: Lateral position. The radiopaque media is seen in the right subclavian artery (RS), internal 
mammary artery (JM), and the aortic arch (AA). The media is also seen in the hypoplastic ascending arch 
(HAA), a small aortic sinus (AS), and the larger right coronary artery (RC) and a smaller left coronary artery 
(LC). Another portion of the dye is seen in the descending aorta (DA) and the pulmonary arteries (LPA, left 


one artery). The media also filled a huge patent ductus arteriosus which is not visualized well in these 
two frames. 
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Fig. 5. An anterior view of the specimen at necropsy, 
showing the very prominent right atrium (RA) and 
right ventricle (RV). The hypoplastic ascending 
aorta (HAA) has a normal relationship to the 
grossly enlarged main pulmonary artery (MPA). 
The great vessels arising from the aortic arch, the 
innominate artery (JA), left common carotid (LCC), 
and left subclavian (ZS) are normal in size and 
position. (ABRC, Anterior branch right coronary 
artery. MBRC, Marginal branch right coronary 
artery. ) 


tissue in the region of the bundle of His. 
In these same cases there was a prolonged 
ORS duration, presumably the result of 
focal degeneration and increased connec- 
tive tissue in the bundle branches. One 
of the cases of Friedman and associates” 
revealed left bundle branch block. 

In the vectorcardiogram (Fig. 2) the 
anterior displacement of the T wave in the 
horizontal plane reveals the basis for the 
positive T wave in the right precordial 
leads, and flat to negative T wave in the 
left precordial leads. The initial QRS 
forces, directed posteriorly in the _ hori- 
zontal plane, cause the abnormal Q wave 
in precordial Leads V3 and V;. The clock- 
wise inscription of the QRS loop in the 
frontal and horizontal planes is normal 
for the infant’s age. The counterclockwise 
inscription of the QRS loop in the sagittal 
plane is usually abnormal, although at 
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times this direction may be observed in 
normal newborn infants.’* Anterior dis- 
placement of the QRSsE loop in the hori- 
zontal plane is not abnormal at this age, 
but the narrowness of the arc and the ex- 
treme anterior position are unusual. These 
findings are consistent with right ventricu- 
lar hypertrophy. 

The aortogram (Fig. 4) demonstrated 
retrograde filling of the hypoplastic as- 
cending aorta and the large patent ductus 
so characteristic of this anomaly. The 
coronary arteries were normally situated, 
although transposition of these vessels 
has been reported in cases of aortic atresia.2’ 

Retrograde aortography is probably the 
best and simplest way to establish the diag- 
nosis of aortic atresia. Conceivably, the 
hypoplastic ascending aorta might not 
fill with radiopaque media, yet demonstrate 
the patent ductus arteriosus. In a clinically 
acyanotic child in congestive failure this 
set of circumstances might precipitate 
operation for transection of the patent 
ductus, particularly when, as in this case, 
bounding pulses were present. 

Forward venous angiocardiography could 
also be diagnostic, for only in cases of 
atresia of the aorta would a reverse patent 
ductus arteriosus fill the ascending aorta. 

Physiologic data obtained by catheteri- 
zation of the right side of the heart (Table 


Fig. 6. View of right side of heart, showing huge 
dilated right atrium (RA) and large hypertrophied 
right ventricle (RV). The atrial septal defect (SD) is 
bounded below by the gnarled malformed septal 
leaflet (SL) of the tricuspid valve. FO, Patent 
foramen ovale. CS, Coronary sinus. PL, Posterior 
leaflet of the tricuspid valve. AL, Anterior leaflet 
of the tricuspid valve. 
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I) could be correlated with a majority of 
our clinical and pathologic findings. 

Oxygen saturation in the superior vena 
cava was very low. This profound degree 
of desaturation of the systemic venous 
return probably is a reflection of systemic 
flow. The large step-up in oxygen content 
at the right atrial level was produced by 
the obligatory return of left atrial blood 
into the right atrium through the patent 
foramen ovale, or through the septal de- 
fect (Fig. 6). 

The inferior vena cava and right atrial 
oxygen saturations were similar, presum- 
ably because a stream of blood from the 
left atrium passed through the septal de- 
fect and incompetent tricuspid valve into 
the mouth of the inferior vena cava. 
Reflux of blood from the right atrium into 
the inferior vena cava during contraction 
of the right atrium may also have been 
a factor. The pressure in the right atrium 
was elevated, with a prominent ‘‘v’”’ wave, 
which is compatible with cardiac failure 
and incompetence of the tricuspid valve. 

In this case the right ventricle was the 


Table |. Catheterization data 
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only ventricle which functioned physio- 
logically. The systolic pressure in this 
chamber, when measured, varied from 35 
to 50 mm. Hg. This low pressure is prob- 
ably a manifestation of the poor status of 
the patient. The end-diastolic pressure of 
the right ventricle was elevated, which is 
consistent with cardiac failure. The right 
ventricle was the site of maximal arteriali- 
zation, probably because most of the blood 
from the left atrium emptied directly into 
the right ventricle through the septal 
defect. 

Our failure to enter the pulmonary artery 
made it impossible to evaluate the status 
of the pulmonary vascular bed. The oxygen 
saturation of blood which was taken from 
the left pulmonary vein was less than that 
taken from the left atrium, right ventricle, 
and right brachial artery. This paradox 
might be explained by poor alveolar venti- 
lation in that segment of the lung because 
of the atelectasis and pneumonia which 
were noted at necropsy, or by a change in 
the physiologic state of the infant between 
samplings. 


Oxygen content 


Catheter position* Pressures Time 
Volumes | Saturation (mm. Hg) (sec.) 
(per cent) | (per cent) 
Superior vena cava 1.97 18.0 0.0952 
Right atrium (mid lateral) 6.38 59.0 Inspiration: 14/4, a= 10, v= 14 0.0935 
Expiration: 32/22, v= 32 
Inferior vena cava 6.58 61.0 0.0957 
Right ventricle (1) 9.31 86.0 35/2 to 12 0.1030 
Right ventricle (2) 50/10 to 16 0.1041 
Pulmonary vein (1) (left lower) 9.97 74.0 40/7 to 12 0.0944 
Left atrium 8.56 79.0 0.1001 
Brachial artery 10.79 88.0 80/30, Mean 50 0.1142 
PV —————_-— RA 40/20 ——————-—> Mean 12 0.0950 
Py LA 40/18 ——————_-— 38/18 0.1000 
SVC RA —— IVC 0.0953 


Expiration: 22/16 \ — Mean 12 — Mean 8 
Inspiration: 14/6 


Oxygen capacity: (1) 10.83 and (2) 12.30 volumes per cent (2 applies to brachial arterial sample only) 


Arterial saturation: 87.7 per cent 
Systemic flow 0.56 L./min. } 
Index 2.4 L./min. 
Resistance 7,140 dynes sec. cm.® 


{ Calculated on basis of estimated oxygen consumption of 160 c.c./min./M. 


PV: Pulmonary vein. RA: Right atrium. LA: Left atrium. SVC: Superior vena cava. IVC: Inferior vena cava. Arrows signify pull back 


of catheter. 
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The pulmonary venous pressure was 
elevated, with a distinct pressure gradient 
between the left pulmonary veins and the 
right atrium. 

The systolic pressures in the right 
brachial artery were higher than the pre- 
viously recorded pressure in the right 
ventricle. Again, these differences must be 
explained by the changing physiologic 
state of the infant. The wide variation in 
pulse pressure (50 mm. Hg) was probably 
caused by a rapid fall in aortic pressure 
with ventricular diastole, since, conceiv- 
ably, the blood in the aorta might re-enter 
the pulmonary vascular bed. 

In aortic atresia, the hypoplastic mitral 
valve and the minute left ventricle have 
no functional significance. Many cases of 
aortic atresia have concomitant mitral 
atresia. 

The systemic cardiac index was slightly 
below normal values, and again reflects 
the terminal cardiac failure. Consequently, 
the calculated systemic resistance was 
very high. 

It has been noted by others’?*:*4 that 
those infants with the smallest atrial septal 
defects are the most cyanotic and have the 
shortest lifespan, presumably because the 
pulmonary venous return to the right side 
of the heart is severely compromised. This 
observation led some to suggest the crea- 
tion of an atrial septal defect to improve 
the left-to-right shunt which is essential 
for survival. As pulmonary flow increases, 
systemic arterial saturation increases, and, 
concomitantly, peripheral venous satura- 
tion would tend to decrease. 

The vast majority of patients with 
aortic atresia die during the first week of 
life. The clinical course of our patient was 
unusual in that the infant lived 21 days. 
Only an occasional patient has lived longer. 
DuShane!® reported a patient who lived 
110 days, and Shub and Speer,* one who 
survived 5 months. 


Summary 


A case of congenital aortic atresia is 
presented in which the physical examina- 
tion, electrocardiogram, thoracic roent- 
genogram, phonocardiogram, vectorcardio- 
gram, retrograde aortogram, and cardiac 
catheterization were obtained prior to 
death of the patient at 21 days. 
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The clinical findings are correlated with 
the pathologic specimen and compared 
with the data previously reported in the 
literature. An unusual anatomic feature 
was the coexistence of a persistent common 
atrioventricular canal malformation. 


We gratefully acknowledge the aid and advice of 
Dr. V. M. Arean, Dr. L. W. Crevasse, Dr. D. R. 
Shanklin, Dr. R. T. Smith, Dr. W. N. Stainsby, Dr, 
W. J. Taylor, and Dr. M. W. Wheat, all members 
of the Faculty of Medicine of the University of 
Florida. 
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Hemodynamic observations 
in a case of carcinoid heart disease 
associated with an atrial right-to-left shunt 


Robert J. Levine, M.D. 
Roland Folse, M.D. 
Bethesda, Md. 


he cardiac abnormality usually asso- 

ciated with the carcinoid syndrome 
has been well defined as consisting of an 
endocardial fibrosis on the right side and 
associated lesions of the pulmonic and tri- 
cuspid valves.'-# Cutaneous vasodilation in 
these patients commonly results in a 
reddish-violet discoloration of the skin! 
which usually can be distinguished with 
ease from the cyanosis due to arterial 
oxygen unsaturation. It is not generally 
appreciated that these types of skin dis- 
coloration may coexist, as in the patient 
now reported upon who had carcinoid heart 
disease with a right-to-left shunt at the 
atrial level. This combination is a most 
unusual occurrence, and, to our knowledge, 
hemodynamic observations on such a case 
have not been recorded previously. 


Case report 


A 50-year-old white married woman had enjoyed 
good health until 1957, when she developed frequent 
reddish-blue facial flushes and, eventually, perma- 
nent facial discoloration. In 1958, her bowel move- 
ments became more frequent, averaging two to five 
normal-appearing stools daily. Later that year she 
began to have easy fatigability, dyspnea, palpita- 
tions, and slight to moderate dependent edema. She 
took digitalis leaf, 0.1 Gm. daily for 1 year, without 
apparent symptomatic benefit. At no time did she 
have chest pain, cough, wheezing, or orthopnea. 

She had never had evidence of acute rheumatic 
fever, nor were heart murmurs ever detected until 


1958. The last physical examination before the onset 
of the present illness was in 1956, prior to a minor 
gynecologic procedure. 

When she was admitted to the National Heart 
Institute on Nov. 1, 1960, the temperature was 
37°C., pulse rate 76 per minute, blood pressure 
125/85 mm. Hg, and respirations 20 per minute. 
There was a constant, noticeable, reddish-violet 
discoloration of the face, with a fainter, similar 
coloring over the upper trunk and the extensor 
surfaces of the extremities. The fingers were slightly 
clubbed, with increased mobility of the nail beds. 
In the jugular veins there were large A waves and 
very prominent systolic venous pulses. The lungs 
were clear to percussion and auscultation. The 
cardiac rhythm was regular. There was a right 
ventricular heave and a systolic thrill along the left 
sternal border which increased with inspiration. 
The first sound at the apex was very faint. A right 
ventricular diastolic gallop was present. Heart 
murmurs were graded in intensity on a scale of 1 
to 6. There was a Grade 3 blowing, holosystolic 
murmur over the sternum. A Grade 2 ejection type 
of murmur was best heard at the pulmonic area 
(Fig. 1). With inspiration, a faint presystolic rum- 
bling murmur could be heard along the left sternal 
border in the fourth intercostal space. The liver was 
palpable 13 cm. below the right costal margin and 
was firm, nodular, and not tender. No hepatojugular 
reflux or pitting edema was noted. 

No method was found to anticipate or precipitate 
flushes in this patient. During a flush the pulse rate 
increased slightly, but the blood pressure did not 
change significantly. The skin discoloration de- 
scribed above intensified greatly and deep cyanosis 
of the lips and nail beds appeared. 

Laboratory observations included a hematocrit 
of 49.5 per cent. Normal values were obtained for 
routine urinalysis, blood urea nitrogen, fasting blood 
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Fig. 1. Phonocardiogram taken in the fourth intercostal space at the left sternal border. S,: First 
sound. S2:: Second sound. S.M.: Systolic murmur. D.M.: Diastolic murmur. P.M.: Presystolic 
accentuation of diastolic murmur. Electrocardiogram showing right axis deviation, digitalis effect, 
and P-wave abnormality compatible with right atrial enlargement. 


sugar, white blood cell count, serum electrolytes, 
total protein, albumin, serology, and serum glutamic 
oxalacetic transaminase. Average urinary excretion 
of 5-hydroxyindoleacetic acid on multiple determi- 
nations was 396 mg. per 24 hours (normal, 2 to 9 
mg.). Liver damage was evidenced by a serum 
bilirubin of 1.0 mg. per 100 ml., of which 0.9 mg. 
was indirect, an alkaline phosphatase of 20 King- 
Armstrong units, and Bromsulphalein retention of 
16 per cent in 45 minutes. An x-ray film of the chest 
showed slight nonspecific enlargement of all cardiac 
chambers. Multiple small filling defects in the small 
intestine were visualized on gastrointestinal roent- 
genograms. An electrocardiogram was interpreted 
as showing right axis deviation, digitalis effect, and 
an abnormality of the P wave compatible with right 
atrial enlargement (Fig. 1). 

Catheterization. With the patient lightly sedated, 
cardiac catheterization was performed through the 
right saphenous vein. The catheter was passed 
initially into a peripheral pulmonary artery, where 
the mean wedged pressure was 4 mm. Hg. The 
pressure in the main pulmonary artery was 15/8 
mm. Hg (mean, 11), and when the catheter was 
withdrawn into the right ventricle, a systolic gradi- 


ent of 25 mm. Hg was recorded across the pulmonic 
valve (Fig. 2). A second catheter with a platinum 
electrode tip, but also suitable for recording pres- 
sures, was then introduced into the right atrium, 
where the pressure contour was typical of that 
recorded in cases of tricuspid insufficiency. The 
mean right atrial pressure was 12 mm. Hg, the A 
wave was 13 mm. Hg, and the V wave was 18 mm. 
Hg. Sequential recordings of right atrial and right 
ventricular pressures revealed a mean diastolic 
gradient of 9 mm. Hg across the tricuspid valve 
(Fig. 2). The presence of tricuspid insufficiency was 
confirmed by the early detection of an indicator 
substance, ascorbic acid, by the atrial electrode 
catheter when the indicator was injected into the 
ventricle.6 A krypton® inhalation test demonstrated 
that no left-to-right circulatory shunt was present. 
A platinum-wire electrode was then placed into the 
left brachial artery through a Cournand needle, 
and an indicator-dilution curve was recorded after 
the injection of ascorbic acid into the inferior vena 
cava (Fig. 3). The early primary curve was formed 
by the indicator which crossed an intracardiac de- 
fect, thereby bypassing the lungs, and the larger 
secondary curve is the result of the indicator which 
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Fig. 2. Left: Sequential tracings of right atrial (RA) and right ventricular (RV) pres- 
sures, demonstrating mean diastolic gradient across the tricuspid valve of 9 mm. Hg. 
Right: Pull-out tracing from the pulmonary artery (PA) to the right ventricle (RV), 
demonstrating a systolic gradient of 25 mm. Hg across the pulmonic valve. 


traversed the pulmonary circulation. When the 
indicator was injected distal to the right atrium, 
only the secondary curve was recorded, indicating 
that the right-to-left shunt was through an inter- 
atrial defect. The brachial arterial pressure was 
140/85 mm. Hg. The systemic arterial oxygen satu- 
ration was 87 per cent at rest and rose to 90 per 
cent when the patient breathed 100 per cent oxygen 
for 10 minutes. The atrial septum was probed ex- 
tensively with the catheter, but the interatrial 
defect could not be crossed. 


In summary, the catheterization findings demon- 
strated peripheral arterial unsaturation and an 
interatrial defect with a right-to-left shunt, right 
atrial and right ventricular hypertension, valvular 
pulmonic stenosis, and tricuspid stenosis and in- 
sufficiency. 


Discussion 

The catheterization findings of tricuspid 
stenosis and insufficiency and pulmonic 
stenosis are consistent with those in cases 
of carcinoid heart disease previously re- 
ported.** Left heart catheterization was 
not performed in this patient because she 
was considered’ to be too ill to tolerate 
such a procedure, and because of the ab- 
sence of clinical evidence of valvular dis- 
ease on the left side. 

The endocardial fibrosis seen in this 
syndrome is histologically specific and can 
be readily distinguished from endocardial 
fibrosis due to other causes.*® Its cause is not 
known. The most plausible theory pre- 
sented, however, is that the hepatic metas- 
tases liberate a substance which either 


directly or indirectly produces fibrosis of 
the endocardium.’ It is likely that this 
substance is serotonin (5-hydroxytrypta- 
mine). The scarcity of left heart lesions 
could then be explained by the abundance 
of monoamine oxidase in the lungs, which 
oxidizes most of the free circulating sero- 
tonin before it comes into contact with 
the endocardium on the left side. Sjoerdsma 
and associates?! were unable to detect 
significant differences between arterial and 
venous levels of serotonin, presumably 
because most of this amine is bound to 
platelets, and the assay of small amounts 
in plasma is not feasible technically. It is 
the free plasma serotonin that is available 
to be oxidized in the lungs or to produce 
endocardial disease. Efforts to produce 
endocardial lesions in experimental animals 
with serotonin were unsuccessful until 
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Fig. 3. Indicator-dilution curve after injection of 
ascorbic acid into the inferior vena cava (IVC), as 
recorded in the left brachial artery. The early ap- 
pearance of ascorbic acid is compatible with a 
right-to-left shunt. 
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Rossi and co-workers" recently infused 
this amine directly into the ascending 
aortas of young dogs. The lesions they 
produced, however, did not resemble, 
either histologically or by their distribu- 
tion, those lesions seen in cases of the 
carcinoid syndrome in human _ beings. 

Fibrosis on the left side may occur in 
the carcinoid syndrome in the absence of 
right-to-left shunt, but such lesions are 
decidedly uncommon and usually quite 
mild.*:*'2 The suggestion that the cardiac 
lesions are entirely secondary to elevations 
of pulmonary arterial pressure by serotonin 
is probably untenable since such elevations, 
although observed experimentally, are not 
usually seen in the carcinoid syndrome, 
even during a 

During a flush, the lips and fingernails 
of this patient assumed a blue color which 
was characteristic of the cyanosis of arterial 
oxygen unsaturation, while elsewhere her 
skin showed the usual reddish-violet flush 
of the carcinoid syndrome. There was 
slight clubbing of the fingers and excessive 
mobility of the nail beds. These findings 
prompted us to consider the possibility 
of right-to-left shunt and to undertake 
the confirmatory studies outlined above. 
Because she was previously free of heart 
murmurs and of cardiac symptoms, we 
considered this shunt to be through a 
foramen ovale which had become patent 
when the acquired valvular lesions caused 
the pressure in the right atrium to exceed 
that in the left atrium. 

Defects in the atrial septum have been 
described previously in conjunction with 
malignant carcinoids. McKusick" reported 
a case, diagnosed at autopsy, with a large 
patent foramen ovale and fibrosis of all 
four heart valves. Wolfe and co-workers" 
reported a case with severe valvular lesions 
on the right side. At autopsy a small patent 
foramen ovale and mild fibrosis of the 
mitral valve were discovered. Fischer and 
Lindeneg!® presented data derived at nec- 
ropsy in a case in which a slit-like foramen 
ovale was associated with fibrosis of all 
four heart valves and similar mild fibrosis 
of the coronary arteries. Spain!” reported 
upon three cases of malignant carcinoid 
in which a patent foramen ovale was dis- 
covered at autopsy. In none of these cases 
was there any evidence of valvular or 
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endocardial disease. In the first patient 
reported by Sjoerdsma and associates,!° 
arterial oxygen saturations of 87 to 91 
per cent were recorded. The possibility of 
a small right-to-left shunt through a patent 
foramen ovale was considered but remained 
unproved because insufficient data were 
available. It is surprising that patency of 
the foramen ovale, which is seen as an 
incidental finding at as many as 20 to 25 
per cent of autopsies,!® has not been ob- 
served more frequently in the cases of 
malignant carcinoid in which autopsy was 
performed. 

Adherents to the theory that circulating 


serotonin is the cause of the endocardial 


fibrosis, and that the rarity of lesions on 
the left side is due to serotonin oxidation 
in the lungs, refer to the occurrence of 
mitral and aortic fibrosis in the presence 
of communicating ‘atria as a fact support- 
ing this theory. The serotonin-bearing 
venous blood would thus avoid exposure 
to monoamine oxidase by direct passage 
into the left atrium. This study has docu- 
mented that significant blood flow may 
occur through such a shunt. 

Furthermore, as demonstrated here, cy- 
anosis which appears in the carcinoid 
syndrome may not always be due to the 
flush phenomenon. It may be due to ar- 
terial oxygen unsaturation, in which case 
it should be recognized as such. 


Summary 


An unusual case is presented in which 
the cardiac lesion of the malignant carci- 
noid syndrome with pulmonic and tri- 
cuspid valvular disease was complicated 
by a right-to-left shunt at the atrial level, 
probably through a patent foramen ovale. 
These findings were documented by right 
heart catheterization. The probable ex- 
planation for the development of this 
situation is discussed. 

We are grateful for the helpful suggestions of 


Dr. Albert Sjoerdsma, Dr. John A. Oates, and Dr. 
Eugene Braunwald. 
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Clinical abstract 


DR. HEATH: The patient whose case is to be dis- 
cussed was a 51-year-old man who was well, apart 
from vague attacks of lumbago from time to time, 
until September, 1953. At that time he had another 
attack of pain low in the back, which he treated 
with a lotion. Pain and stiffness developed in the 
joints, and he began to sweat and feel ill. His general 
practitioner prescribed aspirin for this, but after 
a brief abatement of symptoms, the pains in the 
joints grew worse and a macular rash developed 
over his body. Six weeks later his eyes began to 
feel ‘‘gritty’’ and became ‘‘blood-shot.’’ He attended 
an eye hospital, was admitted as an inpatient, and 
was given atropine and cortisone eye drops. There 
was some improvement, and therapy with salicylates 
was continued. One morning, while still an inpatient, 
he woke up with severe nausea, vomiting, and 
vertigo. The salicylates were stopped, and pheno- 
barbitone was substituted. He was discharged from 
the hospital, but developed sensations of irregular 
beating of the heart. At times he felt as though his 
heart were stopping. On account of these new symp- 
toms he was admitted to another hospital. 

Clinical examination on admission on Dec. 1, 
1953, showed him to be a well-built man with a 
morbilliform rash on the upper trunk and arms. 
His throat and tongue were clear. The mucous 
membranes showed no evidence of anemia. No en- 
larged lymph nodes were palpable. There was an 
intense inflammatory injection of both conjunctivae. 
There was circumcorneal injection, and small yellow 
nodules were present in the sclera. He had swelling 
and stiffness of the wrists, ankles, and fingers, 
especially the proximal interphalangeal joints. 
Examination of the cardiovascular system revealed 
no pitting edema of the ankles or sacrum. There was 
no distention of the veins of the neck. The liver 
was not palpable. The radial pulse rate was 108 per 
minute, and the rhythm was regular. The systemic 
blood pressure was 170/90 mm. Hg. The apex beat 
was palpable in the fifth left intercostal space in the 
mid-clavicular line. The cardiac impulse was normal. 
There was a split first sound, a normal second sound, 


and a loud clicking sound. At one time it was thought 
likely that he had a faint pericardial friction rub at 
the apex. The respiratory, alimentary, and nervous 
systems showed no abnormality on clinical exami- 
nation. A teleradiogram of the chest was normal. 

Investigations. Hemoglobin was 76 per cent 
(11.3 Gm. per cent). Erythrocyte sedimentation 
rate (Westergren) was 85 mm. in the first hour. The 
color index was 0.86. The red blood cell count was 
4,400,000/cu.mm. Stained films showed slight 
anisocytosis, poikilocytosis, polychromasia, hypo- 
chromia, and some stippled cells. The direct Coombs 
test was negative. The white blood cell count was 
10,400/cuumm. The differential count showed: 
neutrophils 70 per cent, lymphocytes 20 per cent, 
eosinophils 6 per cent, monocytes 4 per cent. There 
were no lupus erythematosus cells in peripheral 
blood, none after a provocative dose of ACTH, and 
none in bone marrow. The liver function tests were 
normal. The total serum protein was 6.7 Gm. per 
cent. Serum albumin was 4.2 Gm. per cent. The 
serum globulin was 2.5 Gm. per cent. The urine 
was normal. The electrocardiogram showed sinus 
rhythm with prolonged P-R interval (0.26 second), 
early left ventricular preponderance, and T waves 
which were rather flat in all leads. 

Hospital course. Eighteen days after admission 
he complained of severe discomfort over the xiphi- 
sternum which he called “‘indigestion.”” Before the 
nature of this could be discovered, he turned pale, 
pulseless, and sweaty and collapsed. He died shortly 
afterward. 


PROF. ARNOTT: Until September, 1953, 
this patient had nothing more than the 
very common complaint of pain low in the 
back. Then something more definite and 
crippling appeared. He developed pain and 
stiffness in the joints and began to sweat 
and feel ill. This suggests that he had some 
sort of polyarthritis. I think we must place 
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Fig. 1. Mitral and aortic valve, aorta, and part of 
wall of Iéft auricle; fibrous thickening of both valves, 
and upper part of aortic wall; sharply localized 
bulge in aorta just above aortic valve (elastic-van 
Gieson). 


particular emphasis on the fact that the 


proximai interphalangeal joints were in- 
volved in this case, for this leads one to 
believe that he had rheumatoid arthritis. 
He also developed a macular rash; well, 


the word ‘‘macular’’ just means a spot, 
nothing more. Strictly speaking, it is ap- 
plied to a rash which is not raised above the 
surface of the body, but I think that per- 
haps we must not be too precise about this 
interpretation. Six weeks later his eyes 
began to feel ‘gritty’ and became “‘blood- 
shot.’’ The fact that atropine and cortisone 
drops were used suggests that quite a 
serious view was taken of this disease of 
the eyes. If we take the treatment into 
consideration, together with the descrip- 
tion of the lesion, we must conclude that 
he had something in the nature of irido- 
cyclitis and not a simple conjunctivitis. 
One morning, we are told, he woke up in 
the eye hospital with nausea, vomiting, 
and vertigo. This not uncommon triad of 
symptoms could mean anything or nothing. 
The therapy with salicylates was stopped, 
which suggests that this treatment was 
having an excessive effect. He then com- 
plained of sensations of an irregular beat- 
ing of the heart. The causes of that are 
usually extrasystoles, paroxysms of tachy- 
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cardia, or bursts of auricular fibrillation, 
At times he felt as though his heart were 
stopping; these are the sensations of a 
person who has extrasystoles with a long, 
compensatory pause. Somebody took a 
serious view of this symptom because he 
was transferred to a general hospital. 
Nevertheless, at this time there was no 
evidence of congestive cardiac failure. His 
systolic blood pressure was a little above 
normal but his diastolic pressure was 
normal. 

Eighteen days after admission there was 
a dramatic development. He complained 
of severe discomfort over the xiphisternum, 
not actual pain, and, before the nature of 
this could be discovered, he turned pale, 
pulseless, and sweaty, and collapsed and 
died shortly afterward. There is one thing 
which I think that we can accept at its 
face value without undue suspicion—the 
fact that he was dead! He didn’t die 
abruptly, he didn’t go out like a light, 
as happens when a person develops cardiac 
arrest or when he breaks suddenly into 
ventricular fibrillation and the cardiac 
output falls to zero in a matter of seconds. 
This process of dying occupied some time. 
It suggests to me not a sudden arrest but 
rather a quite rapid decline in cardiac 
output. Now what does all this mean? 
One strives always to solve these problems 


Fig. 2. Heavy, predominantly lymphocytic and 
plasma cell infiltration of aortic intima (hematox- 
ylin and eosin, X100). 
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Fig. 3. Aortic adventitia, showing a similar heavy 
cellular infiltration (hematoxylin and eosin, 100). 


on the basis of one logical process. This is 
not always possible because older people 
often have more than one disease. Never- 
theless, one tries to apply this analytical 
technique first and this is what I shall 
attempt to do now. 

The onset of rheumatoid arthritis is by 
no means uncommon in his age group, 
and it runs a course just like that de- 
scribed in the clinical summary, with 
swelling of the joints and systemic dis- 
turbance to the extent that the patient 
feels sweaty and ill with fever. Skin rashes 
are not uncommon, occurring in about 10 
to 15 per cent of the patients. The wide 
variety that may occur include erythema 
multiforme, as in acute rheumatism, ery- 
thema nodosum, or a nondescript macular 
rash of the type described here. Irido- 
cyclitis is also quite common in rheumatoid 
arthritis and occurs in the same percentage 
of cases as do the skin lesions. One type of 
iridocyclitis which occurs in rheumatoid 
arthritis is termed ‘‘necroscleritis nodosa” ; 
it presents in a manner very similar to that 
described in the clinical summary. 

Now what cardiac disturbances occur in 
rheumatoid arthritis? Pericarditis is oc- 
casionally seen, and in this case a peri- 
cardial friction rub was heard at the apex, 
but, when we come to consider and explain 


Clinical pathologic conference 837 


the sudden demise of this patient, we have 
to broaden our concept of rheumatoid 
arthritis. This disease is best regarded not 
so much as a specific entity but rather as 
coming within a broad group of conditions 
which merges at one end with the collagen 
diseases and at the other with polyarteritis 
nodosa. If one extends the concept of 
rheumato’d arthritis in the latter direction, 
and realizes that polyarteritis frequently 
coexists with the involvement of the joints, 
we may begin to explain his death. He may 
have had polyarteritis nodosa of the coro- 
nary arteries which led to an aneurysm of 
one of these vessels. Such an aneurysm 
may have bled into the pericardial sac; 
initially, this would lead to intense epi- 
gastric discomfort, such as he suffered. 
There would also have been progressive 
reduction of stroke volume associated with 
the filling up of the pericardial sac with 
blood. Finally, in the course of this “cardiac 
tamponade,” cardiac relaxation would have 
become impossible and the patient would 
have died in the manner described. This 
is the chain of events that I would imagine 
might have occurred in this case. 

Of course, he may have had two common 


Fig. 4. Mitral valve cusp, showing marked fibrous 
thickening and very heavy chronic inflammatory 
cell infiltration (hematoxylin and eosin, X24). 
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Fig. 5. Coronary artery; fibrosis of intima and ad- 
ventitia with thrombosis (hematoxylin and eosin, 
X150). 


diseases. He may have had rheumatoid 
arthritis and an acute myocardial infarc- 
tion, which is very much of a possibility, 
because rheumatoid arthritis does not 
protect against coronary artery disease, 
and he was in the sixth decade. 

Other remote possibilities include dis- 
seminated lupus erythematosus, which is 
just another member of this same group. 
Brucellosis may also cause swollen joints 
(though rarely in the interphalangeal 
joints), skin rashes, and iridocyclitis but 
does not cause sudden death of this sort, 
and it is an uncommon disease in this part 
of Great Britain. Sarcoidosis can also give 
rise to pain in the joints, and this disease 
is, of course, associated very commonly 
with iridocyclitis. Sarcoidosis can affect 
the heart and has been known to cause 
heart block, but in the case under dis- 
cussion the x-ray film of the lungs was 
said to show that they were clear, a point 
very much against this diagnosis. Acquired 
toxoplasmosis, which is rare in this country, 
can cause iridocyclitis, pain in the joints, 
and skin rashes but not sudden death, and 
there is no particular tendency to cardiac 
involvement. Coccidioidomycosis is very 
rare in Great Britain, but it can also give 
rise to an acute form of illness of this type. 
The erysipeloid of Rosenbach, acquired 
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from cattle and pigs, may cause erythemata 
and pain in the joints, but after running a 
course of 2 or 3 weeks this disease shows a 
steady abatement. Furthermore, it carries 
no great cardiac menace and is again very 
rare indeed in this country. 

DR. HEATH: Well, now you have heard 
Professor Arnott’s summary of the case. 
He believes that the patient has rheu- 
matoid arthritis with iridocyclitis. He 
thinks that there is organic heart disease, 
due to polyarteritis nodosa affecting the 
coronary arteries and leading possibly to 
an aneurysm of one of the vessels, with 
subsequent rupture of it and cardiac 
tamponade. 

MR. ABBOT (student): Were any serologic 
investigations performed on this patient? 
In particular, I have in mind sheep cell 
agglutination and the Wassermann re- 
action. 

DR. HEATH: The former was strongly 
positive and the latter negative. This 
positive sheep cell agglutination would 
support your diagnosis of rheumatoid 
arthritis, Professor. 

PROF. ARNOTT: Yes, but of course this 
test is not quite specific for this disease. 
It is also positive, for instance, in dis- 
seminated lupus erythematosus. 

PROF. SQUIRE: Was a blood culture done? 

DR. HEATH. No. Would Dr. Brewer now 
describe the macroscopic findings without 
giving us his diagnosis. 

DR. BREWER: There was an acute inflam- 
mation of the sclera and a slight generalized 
enlargement of the lymph nodes. The rash 
had faded after death, as it commonly 
does. 

Internally, the most striking changes 
were in the cardiovascular system. There 
was a small pericardial effusion of clear, 
pale yellow fluid. Both ventricles of the 
heart were enlarged. The tricuspid and 
pulmonary valves were normal. There 
were unusual changes affecting the mitral 
and aortic valves, and the aorta and its 
branches. The posterior cusp of the mitral 
valve was normal. The anterior cusp was 
grossly thickened and fibrous, with a 
nodular surface. The chordae tendineae 
were not fused or thickened. There was 
similar, though less marked fibrous thicken- 
ing of all cusps of the aortic valve. There 
was marked fibrous thickening of the 
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Fig. 6. Gross intimal fibrosis of brachial artery 
(elastic-van Gieson, X24). 


aortic wall which affected the ascending 
aorta, the arch, and the thoracic aorta. 
The intima was slightly nodular. This 
thickening affected also the large peripheral 
arteries and the coronary arteries, par- 
ticularly the left anterior descending 
branch. In these arteries the thickening 
was also mainly adventitial but encroached 
on the lumen, reducing the lumen of the 
coronary arteries to a pin point in several 
places. There were small scattered areas 
of fibrosis in the myocardium but there 
was no recent infarct. The only other 
change of note was in the pancreas, in 
which there were small round areas of 
fibrosis which I took to be similar changes 
in the arteries of the pancreas, but, in 
fact, they turned out not to be. 

DR. HEATH: How do you interpret these 
findings, Professor? 

PROF. ARNOTT: I think they are due to 
rheumatoid aortitis. They are not very 
common, but changes of this type have 
been described by my friend Walter Bauer, 
at the Massachusetts General Hospital, 
who has described several similar cases.” 

DR. HEATH: Yes, I agree. You will notice 
that the pathologic findings in the aorta 
are extremely similar to those of syphilitic 
aortitis, but Mr. Abbot has already cleared 
the ground there for us and excluded 
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syphilis because we know that the Wasser- 
mann reaction was negative. 

Shall we have the histologic findings? 

DR. BREWER: The aorta showed fibrous 
thickening of the intima and adventitia 
(Fig. 1). In the ascending aorta was a 
small, sharply localized bulging of the 
media (Fig. 1). There was a very striking 
infiltration of the intima (Fig. 2) and 
adventitia (Fig. 3) by chronic inflammatory 
cells, with lymphocytes and plasma cells 
predominating. There was a pronounced 
histologic resemblance to syphilitic aortitis. 
The mitral valve also showed a marked 
fibrosing chronic inflammation with a 
heavy cellular infiltration of auricular 
and ventricular surfaces (Fig. 4). 

I made this postmortem examination in 
1953. At the time I was unable to put a 
name to the condition. It was only fairly 
recently, when I read the papers to which 
Professor Arnott has referred, written by 
Bauer and his associates,! that I realized 
that this case was an example of the con- 
dition they describe as rheumatoid aortitis. 
In those cases there was a chronic fibrosing 
inflammation of the aorta, of the aortic 
valve, and, in some cases, of the mitral 
valve also. In all the cases reported the 


Fig. 7. Very marked cellular fibrosis of pancreatic 
duct (hematoxylin and eosin, X30). 


: 


840 Arnott, Brewer, and Heath 


Wassermann reaction was negative. In 
the present case, in addition to the changes 
in the heart and aorta, there were changes 
in the peripheral arteries. The left an- 
terior descending coronary artery showed 
marked intimal thickening adventitial fi- 
brosis and a recent thrombosis (Fig. 5), 
which I assume accounted for his death. 
The right main coronary artery also showed 
intimal and adventitial fibrosis. Of the 
other arteries examined, the internal, 
right, and left common carotid arteries 
were normal. The right and left brachial 
arteries, the right and left femoral arteries, 
and the superior mesenteric artery also 
showed changes. Fig. 6 shows very marked 
fibrous intimal thickening in a_ brachial 
artery, with a very brisk inflammatory 
response in the adventitia too. The areas 
in the pancreas that I assumed were small 
fibrosed arteries were, in fact, ducts that 
showed a very unusual fibrous thickening 
(Fig. 7). I have not seen such a change 
previously, and it has not been described 
in any of the published cases of rheumatoid 
aortitis. 

PROF. ORR: I would accept rheumatoid 
aortitis as a pathologic entity. I am rather 
surprised that Dr. Brewer should have 
described the changes in the aorta as re- 
sembling syphilis, because on the slide that 
he showed us the media of the aorta seemed 
to be singularly free from inflammation. 

DR. BREWER: There are at some levels a 
slight infiltration and vascularization of 
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the outer part of the aorta, but I would 
agree that it is not so extensive as in the 
case of syphilis. It is only about the outer 
fourth of the media that is involved at any 
level. It is predominantly adventitial. 

DR. HEATH: With regard to the mode of 
death I am sure that many of the audience 
will be familiar with the histologic changes 
that were present in the myocardium of 
this patient. They were typical of acute 
myocytolysis which was described by Dr, 
Howell and discussed at the last clinical 
pathologic conference of this type in 1960: 

PROF. ARNOTT: Yes! I had a sense of 
déja vu there. 

DR. HEATH: Well, I think that we may 
close the conference at that point, all 
agreeing that this is a case of rheumatoid 
aortitis with involvement of many of the 
peripheral arteries. There seems to have 
been an unusual agreement between clini- 
cians and pathologists on this occasion! 


Diagnosis: Rheumatoid aortitis 
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Atrial myxoma: a diagnostic challenge 


During the past 6 years there have been increasingly 
frequent reports of the successful removal of an 
atrial myxoma from a critically ill patient, with 
pronounced improvement.' Hence, this tumor 
is no longer to be considered merely as a medical 
curiosity—a correct diagnosis has practical sig- 
nificance. A myxoma may masquerade as one of 
several entities: mitral stenosis, bacterial endo- 
carditis, refractory congestive failure, pulmonary 
embolism, Adams-Stokes syndrome, and epilepsy. 
Therefore, the chief clinical problem lies in its proper 
recognition. In reviews of the case histories of pa- 
tients with atrial myxomas, several diagnostic 
criteria have been underscored. These are: (1) syn- 
cope or severe dyspnea clearly related to change in 
posture; (2) variations in murmurs from one time of 
observation to another; (3) change in murmurs re- 
lated to change in position; (4) unusually rapid 
deterioration despite careful medical treatment in 
a patient considered to have mitral stenosis; (5) the 
detection of myxomatous material in surgically 
removed emboli’; (6) absence of evidence on x-ray 
examination of chronic passive pulmonary con- 
gestion in a patient alleged to have severe mitral 
stenosis (or, when congestion is present, disparity 
in the degree of venous engorgement in the two 
lung fields?); (7) proportionately little increase in 
the size of the left atrium as determined by fluoros- 
copy in the presence of what appears to be “tight” 
mitral stenosis. Unfortunately, there have been 
several cases in which a myxoma was discovered, 
either at autopsy or at atriotomy for mitral val- 
vuloplasty, when, despite a careful search, all of 
the aforementioned features proved to be absent. 
Since the majority of myxomas are on the left 
side, the most frequent error encountered is the 
incorrect diagnosis of mitral obstruction by such a 
tumor as mitral stenosis of rheumatic origin. Peri- 
odically the medical literature contains accounts of 
the detection of an unsuspected myxoma during 
operation for mitral valvuloplasty. Unfortunately, 
a patient with a myxoma of the left atrium may lack 
all of the features described above and, instead, 
show the typical features of valvular disease of 
rheumatic origin, which include a history of rheu- 
matic fever, loud first sound at the apex, a diastolic 
tumbling murmur with presystolic accentuation, 
a typical opening snap,®:* a history of hemoptysis, 
and evidences of pulmonary hypertension. Con- 
versely, a patient with mitral stenosis of rheumatic 
origin is often found to have a variation in the in- 
tensity of the apical diastolic murmur from one ex- 
amination to another, or with changes in position. 
The murmur of mitral stenosis may increase in 
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intensity for several heart cycles after a change 
to any position, right lateral or upright as well as 
left lateral, presumably as the result of increased 
cardiac output during the effort of turning.’ Finally, 
a filling defect in the left atrium on angiocardiog- 
raphy may represent atrial thrombus associated 
with valvular stenosis rather than a tumor mass. 

It is apparent that, when characteristic features 
are absent, a myxoma may be indistinguishable 
from the typical mitral stenosis of rheumatic origin, 
and its discovery delayed until the surgeon inserts 
his finger into the atrium. Under these circumstances 
the prudent course for the surgeon would be to re- 
sist attempts to remove the mass until he can reopen 
the atrium under adequate hypothermia,» or under 
conditions of cardiopulmonary bypass,! preferably 
the latter. Attempts to remove the tumor mass 
under the usual surgical setting for mitral valvulo- 
plasty have been unsuccessful, with a single excep- 
tion.8 

It is hoped that more definitive measures can be 
developed for the timely detection of intracardiac 
tumors. Angiocardiography has revealed tumor 
masses on several occasions and probably repre- 
sents the most reliable diagnostic technique. How- 
ever, there have been instances of both false posi- 
tive! and false negative? diagnoses with this ap- 
proach. Furthermore, the use of angiocardiography 
must relate to some clue sifted from clinical exami- 
nation, unless one elects the rather unattractive 
course of performing it on all patients with apparent 
mitral stenosis.* 

At the present level of diagnostic acuity, perhaps 
the most worth-while attitude for the clinician 
would be to withhold a diagnosis of mitral stenosis 
until he has made a conscientious search for all of 
the more unique features which may be produced 
by a myxoma. This amounts to asking in every case 
of mitral stenosis, ‘Could this patient possibly have 
a myxoma?” Given any of the features outlined 
above which are suggestive of an intracardiac tumor, 
one could justify angiocardiography and propose to 
the surgeon that an atriotomy be performed under 
cardiopulmonary bypass. 

M. G. Criscitiello, M.D. 
Georgetown University Medical Center 
Washington, D. C. 
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The electrocardiogram in 


During the past few years a great deal has been 
learned about the electrocardiogram in ventricular 
septal defect (VSD). The electrocardiogram for- 
merly had been thought to be normal or at least of 
little diagnostic value in VSD. With the introduc- 
tion of the concept of systolic and diastolic over- 
loading by Cabrera and Monroy,! in 1952, and the 
subsequent extension of these concepts by Marsico 
and co-workers? and Sodi-Pallares* to VSD, a new 
diagnostic era was introduced. Several excellent 
articles have been published recently which de- 
scribe the electrocardiographic features in large 
series of cases of VSD.*-8 Of special interest has been 
the use of the electrocardiogram in evaluating the 
hemodynamics and in the selection of patients for 
corrective operation.7:9-!! 

Four basic electrocardiographic patterns occur 
in VSD: (1) normal; (2) left ventricular hyper- 
trophy (LVH), usually of the diastolic overload 
type (DO); (3) right ventricular hypertrophy (RVH) 
of the systolic overload (SO) and/or diastolic over- 
load (DO) types; and (4) combined ventricular 
hypertrophy (CVH). 

A normal electrocardiogram has been found to 
occur in 10 to 15 per cent of the cases of VSD.?.+/6.7 
Pure or isolated LVH has been found in from 2 to 
30 per cent of patients with VSD.*.*? Left ven- 
tricular hypertrophy of the diastolic overload type 
(LVDO) is manifested in the left precordial leads 
(Vs, Ve) by tall R waves with delay in the onset of 
the intrinsicoid deflection, deep Q waves (2 mm. 
or >), and tall T waves.!-*-9 It has been emphasized 
(especially in infants and children) that tall R waves 
accompanied by deep Q waves and tall T waves in 
Leads II, III, and aVy indicate LVH (LVDO).*:" 
Deep S waves in the right precordial leads (Vi, 
Vsr) are also suggestive of LVH. The deep Q waves 
have been attributed to septal hypertrophy.?*-? 
Occasionally, the left precordial leads will display 
inverted T waves (left ventricular systolic over- 
loading ).®-” 

Right ventricular overloading has been found in 
from 14 to 65 per cent of the cases of VSD.?4:67 
Right ventricular systolic overloading (RVSO) is 
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ventricular septal defect 


manifested by dominant R waves (rR, R, Rs, qR) 
in the right precordial leads (V:r, V1) with upright 
(or inverted) T waves.!-* Right ventricular diastolic 
overloading (RVDO) is evidenced by the rSR’ 
pattern in the right chest leads.'}* Some workers 
have attributed this rSR’ configuration to hyper- 
trophy of the crista supraventricularis, just as in 
atrial septal defect.® 

Combined ventricular hypertrophy is encoun- 
tered in from 20 to 61 per cent of the patients with 
VSD.*:5.7 It can be diagnosed when the electrocardi- 
ogram displays the criteria for both RVH and LVH 
which have just been enumerated. When the right 
precordial leads display RVH, associated LVH may 
also be suspected if any of the following signs are 
present in the left chest leads: (1) R waves of normal 
amplitude when lower ones would have been ex- 
pected; (2) prominent Q waves; (3) inversion of 
the T waves in V,. when T waves are positive in 
right chest leads.?:7 

The mean QRS axis in VSD has been found to 
range widely (occurring in any sextant), although 
the majority of cases vary from +30 to +150 de- 
grees.55-7,13 Cases with LVH tend to display a 
normal axis or left axis deviation (LAD), those 
with RVH tend to have right axis deviation (RAD), 
whereas those with CVH may exhibit LAD, RAD, 
or a normal axis.” 

The terminal QRS forces tend to be rightward 
in the frontal plane in VSD. This gives rise in the 
standard leads to the S;,S2 or S;,S2,S; pattern in 
70 to 90 per cent of the patients.*.* 

The direction of the frontal plane QRS vector 
loop tends to follow the direction of the mean QRS 
axis.? Those cases with LAD tend to have counter- 
clockwise rotation of the loop, and those with RAD 
to have clockwise rotation, although exceptions 
occur.5:?7 DuShane and Kirklin" have found that a 
counterclockwise QRS loop in the frontal plane 
with a ORS axis ranging from +60 to —60 degrees 
is usually indicative of left ventricular overloading 
in infants. Toscano-Barboza and DuShane® found 
that 15 per cent of their cases of VSD displayed 
counterclockwise rotation of the QRS loop above 
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the isoelectric line (or a figure-of-eight along this 
horizontal line) similar to that found in patients 
with atrioventricular cushion defects.“ This same 
electrocardiographic pattern has been described 
recently by Neufeld and associates® as being found 
uniformly in what they term isolated VSD of the 
persistent common atrioventricular canal type. 

Katz and Wachtel! have described large diphasic 
QRS complexes in congenital heart disease. This 
pattern has been encountered (in the limb and/or 
mid-precordial leads) in from 10 to 72 per cent of 
the cases of VSD?».6.8.17.18 and has been thought to 
suggest CVH.!8 

P waves which suggest left atrial enlargement 
have been found in from 2 to 33 per cent of the 
cases.2-? Evidence of right atrial enlargement has 
been found in from 10 to 25 per cent of the cases.?:4-6 
Atrial fibrillation is uncommon in VSD.5:§ Com- 
plete right bundle branch block occurs in a few 
cases.7!9 

Interesting observations have been made con- 
cerning the change in the form of the basic electro- 
cardiographic patterns that infants and children 
with VSD will display when followed for several 
years.47 The majority show no change in their pat- 
terns. A moderate number of infants with normal 
patterns or RVH will show increasing evidence of 
LVDO. This has been interpreted as a normal 
regression of the increased pulmonary vascular 
resistance of infancy with resulting increased pulmo- 
nary blood flow and is a favorable sign.’ Only rarely 
was pure RVH noted to develop during the period 
of observation.*:? 

The correlation of the hemodynamic and electro- 
cardiographic findings and the role of the electro- 
cardiogram in the selection of cases of VSD for 
corrective operation has been especially stimulating 
and rewarding.7+10.11 

Those patients with small defects, small left-to- 
right shunts, low pulmonary blood flow, and no 
pulmonary hypertension have a normal electro- 
cardiogram without ventricular hypertrophy.® 7:19.20 

Those patients who have larger defects, moderate 
to large left-to-right shunts, and increased pulmo- 
nary blood flow have an increased load on the left 
ventricle, and the electrocardiogram displays 
LVDO.7:10.. Such patients usually are good candi- 
dates for surgical repair of the VSD.7-" 

A large portion of patients with VSD have pul- 
monary hypertension, either hyperkinetic (due to 
a large pulmonary flow) or due to increased pulmo- 
nary vascular resistance (secondary to organic 
change in the pulmonary vascular bed), or both.!:2!.22 
The pulmonary hypertension will produce RVH, 
whereas the increased pulmonary blood flow and 
increased return to the left ventricle will produce 
LVH, so that the electrocardiographic pattern will 
be one of CVH.7"" However, as long as the electro- 
cardiogram displays good evidence of LVDO, there 
is still usually an increased pulmonary blood flow, 
and the patient will benefit from operation.7" 

When the electrocardiogram shows pure RVH 
(SO), the pulmonary vascular resistance and pulmo- 
nary blood pressure are usually quite high and the 
pulmonary blood flow is decreased (less than sys- 
temic blood flow).7"4 Although there are exceptions, 
surgical repair of the VSD of the patient with this 
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electrocardiographic pattern is usually contraindi- 
cated.7+! 

Not all workers have found such good correlation 
between the electrocardiographic patterns and 
hemodynamic changes in VSD. In fact, even among 
those who have found good electrocardiographic- 
hemodynamic correlation, there is lack of agreement 
on the precise electrocardiographic criteria that 
should be used in the selection of patients for oper- 
ation.7+4 

It should be emphasized that associated anomalies 
may affect the electrocardiographic pattern in 
VSD. Although RVH usually indicates pulmonary 
hypertension, it should also raise the possibility of 
pulmonic or infundibular stenosis.4 Electrocardio- 
graphic evidence of LVH ordinarily indicates a 
dominant left-to-right shunt in VSD, but it should 
be recalled that associated mitral insufficiency, 
aortic stenosis, or aortic insufficiency may also 
produce 

In summary, it may be stated that the electro- 
cardiogram is an extremely valuable tool in the 
clinical and preoperative evaluation of patients 
with VSD. However, it must be emphasized that 
the electrocardiogram is only one aid, and a thorough 
evaluation of the patient must include a careful 
history, physical examination, cardiac x-ray exami- 
nation, and fluoroscopy, and, in selected patients, 
cardiac 

Ralph C. Scott, M.D. 
University of Cincinnati College of Medicine 
Cincinnati, Ohio 
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for mechanical ECG screening technique 


Automatic, mechanical screening or interpretation 
of electrocardiographic records is a task which has 
recently captured the interest of various investi- 
gators. Although the task appears feasible to some, 
particularly engineers, physicians who are familiar 
with the problem tend to regard it as not feasible. 
At least two research projects are known to be 
underway (Airborne Instruments Laboratory in 
cooperation with the Sloane-Kettering Institute, 
and the Veterans Administration in cooperation 
with the National Bureau of Standards), both of 
which are seeking to develop ways of reducing the 
interpretation of electrocardiograms to digital 
computer analysis. The National Institutes of 
Health recently undertook a preliminary study of 
a similar approach, but has abandoned it (October, 
1960). A reliable and practical method has not yet 
been reported from any source (July, 1960, review of 
the literature). Cardiologists tend to share with phy- 
sicians in general a distrust of any mechanical or 


subprofessional procedure which arrives at diag- 
nostic decisions. Their viewpoint is well founded, 
since it is based on a knowledge of the ways in which 
clinical measurements often show an overlap among 
normal variations, pathologic states, and technical 
errors. They often insist that the clinical judgment 
of a physician is needed to make the proper dif- 
ferentiation. 

A major impetus which stimulates the search for 
mechanical methods of interpreting ECG records 
is the occasional need for screening very large num- 
bers of people. For example, since July, 1959, the 
Federal Aviation Agency has established a require- 
ment that all pilots of commercial airlines undergo 
serial ECG examinations. All pilots are required to 
have a base-line record at age 35, and annually 
after the age of 40. During the first 6 months this 
rule was in effect a total of 13,000 electrocardio- 
graphic records had been received, and about 8,000 
had been reviewed.! The number of ECG records to 
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be reviewed by the Federal Aviation Agency is 
expected to reach a total of 50,000 annually. The 
Armed Forces also have a large-scale screening 
probleii with both flying personnel and officers in 
the over-40 age group. The United States Air Force 
recentiy reported a survey of 67,000 ECG records?; 
the Canadian Air Force has reported a survey of a 
group of 17,000. Various public health projects 
have a'so undertaken the large-scale ECG screening 
of certain populations. 

The manpower problem involved in making 
extensive ECG surveys of large populations becomes 
nearly prohibitive. Not only is the scarcity and high 
cost of cardiologists an obstacle, but the sheer 
monotony of large surveys is a deterrent to the 
recruitment of personnel as well as a threat to the 
accuracy of interpretation. Mechanical methods 
for improving the efficiency of utilization of a cardi- 
ologist’s time appear to be much more feasible at 
the present time than do methods for achieving a 
complete mechanical substitute for the cardiologist. 

One possible way of achieving a considerable im- 
provement in the utilization of the time of the cardi- 
ologist appears to be immediately feasible. A type 
of ECG pattern exists which, for the purpose of the 
discussion, is termed clearly normal, and which is 
highly uniform for a large proportion of normal 
people. In a large population of presumably healthy 
people (such as military personnel and commercial 
pilots) a major portion of the total will be found to 
be normal, of which a large majority will be clearly 
normal. In the large surveys mentioned above, for 
example, it was found that 91.3 per cent of the air- 
line pilots, 96 per cent of the United States Air 
Force pilots, and 94 per cent of the Royal Canadian 
Air Force pilots had normal ECG records. A me- 
chanical means for identifying and sorting out 
the clearly normal records in a large sample would 
make it possible to eliminate 80 to 90 per cent 
of the tasks of the cardiologist, and thus allow him 
to confine his attention to the abnormal records 
and normal variations. 

Suggested plan for design of a fail-safe device for 
sorting normal electrocardiograms. A relatively well- 
standardized method developed in one of the non- 
medical fields appears to be applicable to this prob- 
lem. The people in the missile guidance program 
have developed a method for determining, auto- 
matically, whether a radar representation of a 
certain piece of terrain conforms to aerial photos of 
the area. This map-matching technique can be 
applied to the matching of ECG records with normal 
standards. A suggested plan for designing a device 
which will automatically sort out normal ECG 
records follows: 

1. The first step would be to develop a Master 
Normal ECG Profile, within the limits of which a 
large percentage (the clearly normal) of normal 
ECG records fall. Standards for clearly normal 
records are sufficiently well defined to render it 
feasible to establish a two-dimensional profile in 
the form of a photographic (positive) transparency. 
The specifications for this master would be such 
that a substantially large percentage of normal 
ECG records fall, profile-wise, within its limits, and 
portions of all other records fall outside its limits. 
2. The second step would be to apply the map- 
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matching technique for the purpose of making opti- 
cal comparisons between the master profile and 
sample ECG records. Application of this technique 
to ECG screening would consist of matching the 
photo-positive master profile with a photo-negative 
of the sample record. An exact positional match of 
the two photographs would block the passage of a 
beam of parallel light produced by an optical sys- 
tem. When the master profile completely blocked 
the passage of light through the sample record, a 
clearly normal ECG record would thereby be identi- 
fied. Any ECG record of which the profile is dif- 
ferent from the master profile, or any record with 
technical imperfections, will permit light to pass 
through the optical system and to activate a photo- 
electric sensor. The signal resulting from the sensor 
would then act to separate such a record from those 
which are clearly normal. 

3. The next step would be to prepare the pre- 
liminary specifications for an automatic machine 
to perform the optical matching process. The degree 
to which it is necessary to normalize the records for 
amplitude and period would be determined. If it 
is necessary, normalization would be accomplished 
with the use of a cylindrical lens, or by mechanically 
moving the master profile about either its longi- 
tudinal or vertical axis. The fail-safe principle can 
be incorporated in the process, according to which 
all imperfections, all artifacts, as well as all records 
not clearly normal would be sorted out from the 
clearly normal records. Those not clearly normal 
would be subjected, subsequently, to the conven- 
tional method of individual examination by a cardi- 
ologist. 

4. A manual machine could be constructed as a 
model for the purpose of testing the reliability of 
the proposed screening method and for making 
suitable refinements in the design of the system. 
In particular, the model would be useful in making 
improvements in the master normal profile. When 
the feasibility of the method has been determined 
from the manual machine, an equipment manu- 
facturer might be included in subsequent plans for 
the construction of an automatic machine. Finally, 
determinations would be made on the number of 
leads and the number of cardiac cycles which would 
be required in order to obtain reliable results. 


Charles E. Goshen, M.D. 

Alan D. Morris, Dr. Eng. 
Operations Research Incorporated 
Silver Spring, Md. 
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Polypeptides, proteins, man, and nature 


Within recent years a new field in biochemistry 
which involves amino-acid and polypeptide chem- 
istry has unfolded. The newly synthesized poly- 
peptides have existed in living organisms for millions 
of years, but man is just beginning to discover those 
which occur naturally and to synthesize new ones. 
These amino-acid complexes are potent, being active 
in microgram quantities. Among these are oxy- 
tocin,! vasopressin,? angiotensin bradykinin,® 
and others. Many more are to evolve in response to 
the fancies of those chemists who do research on 
the proteins and polypeptides, and the physiologist 
is destined to enjoy investigating their many specific 
and interesting actions. 

Not only are physiologically potent polypeptide 
complexes many, but so are amino-acid complexes: 
for example, tyrosine, adrenaline, noradrenaline, 
isopropyl arterenol noradrenaline, 5-hydroxytrypta- 
mine, heparin, histamine, and others. The single 
modified amino-acid and the multiple amino-acid 
units are necessary components of the regulatory 
life processes of many organisms, including man. 
Most, if not all, of those listed above are extremely 
potent regul.tors of cardiovascular function. Many 
are yet to be discovered. 

The proteins of the body are much like the water 
of the body, and nature is the efficient, economical, 
and “‘wise’’ organizer and operator of the life proc- 
esses. Because water, that wonderful substance, is 
ever present in great abundance in all sites in the 
body, it is “‘wise’’ to use it as much as possible for as 
many processes as possible. And so it is used. Its 
functions are many; it transports heat, lubricates, 
splits or hydrolyzes fats, carbohydrates, and pro- 
teins in most metabolic processes, provides hydrogen 
for hydrogen bonds, and acts as a dielectric. It is the 
great transportation vehicle of cells and metabolic 
substances (food, oxygen, and wastes). It cools the 
body, insulates thermally as well as electrically, and 
buffers the body against sudden physical and chem- 
ical changes. It is plentiful and necessary for life and 
is made to serve many necessary life functions. 

So it appears for proteins. They are ever present 
in abundance at every site in the body. The amino 
acids are the chemical and physiologic alphabet of 
living organisms, the dots and dashes of the physio- 
logic Morse code. When the amino acids and their 
order in the polypeptide chain are varied, specific 
functional symbols of specific physiologic responses 
follow. One chain of amino acids (oxytocin) in 
specific order (as letters in language or dots and 
dashes ian wireless communication) causes the uterus 
to contract; another (angiotensin II) causes the 
arterioles to contract, and still another (bradykinin) 
causes the arteriovenous shunts of the digits and 
skin to constrict,?7 and so forth. That nature should 
make so many important uses of a single substance, 


protein, and its amino-acid components in a highly 
temporally organized living being, such as man, 
should be expected. In the development of living 
things from the original fundamental energy of the 
universe, nature should be expected to make as 
much use as possible of what is lying about to keep 
the organization simple and to meet readily the 
needs of the temporally dependent life processes. 

It is also interesting to note that, in the develop- 
ment of this system, specific amino-acid complexes, 
proteins, are also used as catalysts in the synthesis 
and digestion of other amino-acid complexes, pro- 
teins and polypeptides, a truly efficient, economical, 
and dependable design. Many important parts of 
cells and organ systems are constructed of proteins 
which perform interesting functions, such as con- 
traction of muscle. 

One can readily extend these thoughts further, 
not only for water and proteins but for other sub- 
stances and complexes thereof. It is exciting to see 
the new amino-acid alphabet of biochemistry and 
physiology, and it is important to note it in this 
JOURNAL which is devoted to studies of the cardio- 
vascular system. 

George E. Burch, M.D. 

Nicholas P. DePasquale, M.D. 
Tulane University School of Medicine 
New Orleans, La. 
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An ATLAS OF ACQUIRED DISEASES OF THE HEART 
AND GREAT VESSELS. By Jesse E. Edwards, M.D., 
Consultant, Section of Pathologic Anatomy, Mayo 
Clinic, and Professor of Pathology, Mayo Founda- 
tion, Graduate School, University of Minnesota, 
Rochester, Minn. With the counsel and collabora- 
tion of H. N. Neufeld, R. D. Pruitt, R. L. Parker, 
and H. B. Burchell. Philadelphia, 1961, W. B. 
Saunders Company, 1401 pages plus index. Price 
of 3-volume set: $70. 


‘This work is comprised of 3 volumes, as follows: 
Volume I—Diseases of the Valves and Pericar- 
dium (pp. 1-484 plus index). Volume II—Coro- 
nary Arterial Disease, Systemic Hypertension, 
Myocardiopathies, the Heart in Systemic Dis- 
ease, and Cor Pulmonale, Acute and Chronic 
(pp. 485-984 plus index). Volume III—Diseases 
of the Great Vessels (pp. 985-1401 plus index). 

The essence of this work lies in the correlation 
of functional with structural aspects of acquired 
cardiovascular disease. Clinical and laboratory 
manifestations of disease are presented and then 
related to their pathologic anatomic counterparts. 

The material is based on data drawn from 
case histories of hundreds of patients admitted 
to the Mayo Clinic over the last 14 years. The 
presentation is largely pictorial in nature, with 
discussion frequently in short case-report form. 
In general, the illustrations are excellent. There 
are over 4,000 reproductions, including perti- 
nent electrocardiograms, roentgenograms, pres- 
sure curves, diagrams, photographs, and photo- 
micrographs. The text is well written but quite 
brief. 

The cardiologist may find the clinical dis- 
cussions too superficial, but both he and the 
cardiovascular surgeon could gain much from the 
pathologic orientation of these presentations. The 
price may discourage inclusion of these volumes 
in personal libraries, but all those involved in the 
study of diseases of the cardiovascular system 
should be aware of their availability as a reference 
work. The work is probably best suited for libra- 
ries with liberal budgets. 

Doctor Edwards is an outstanding and leading 
authority in the field of cardiovascular pathology. 
These volumes will contribute to the dissemina- 
tion of knowledge concerning basic clinical and 
pathologic interrelationships. 


SYMPOSIUM ON ANTICOAGULANT THERAPY. Report of 
the Proceedings of a Symposium held at the Royal 
Society of Medicine, Nov. 18 and 19, 1960. Edited 
by Professor Sir G. W. Pickering, M.A., D.Sc., 
M.D., F.R.C.P. (Lond.), Regius Professor of Med- 
icine, University of Oxford. London, Harvey 
& Blythe, Ltd., 284 pages. Price: 21 s. 


This is a report of the proceedings, in book form, 
of a symposium on anticoagulant therapy held 
at the Royal Society of Medicine, England, 

November, 1960. Each of eight sessions, with the 
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panel discussions, are published as separate chap- 
ters. A total of 54 individuals participated in the 
symposium; 19 of these presented papers, and 
the others entered into the panel discussions. 
Although the majority are from Great Britain 
and the United Kingdom, important contribu- 
tions are made by Nicola, of Italy, Koller, of 
Switzerland, Owren, of Norway, and Millikan, 
of the United States. 

Only brief discussion is made of the known and 
theoretical action of anticoagulants on coagula- 
tion mechanisms and the specific biochemical 
changes effected by therapy. The discussions, 
for the most part, are related to the practical 
experiences in the use of anticoagulants in a 
variety of cardiovascular abnormalities, and to 
the methods of controlling the therapy and dos- 
age necessary to provide maximum benefit con- 
sistent with safety. Difficulty is experienced in 
attempting to relate some of these experiences to 
American medicine because of the differences 
in methods of practice. Considerable discussion 
is given to the role of clinical pathologists, the 
general practitioner, and the consultant in the 
management of the patients in large clinics, 
especially in prescribing dosage of drugs. 

All admitted that, in view of a rapidly in- 
creasing number of patients who are receiving 
therapy, there is a great need for a simple, in- 
expensive, reliable testing procedure sensitive 
to the multiple factors responsible for thrombo- 
genesis and bleeding. While some gave strong 
support for, and pointed out the advantages of, 
the recently developed ‘‘Thrombotest” of Owren, 
the majority considered the one-stage pro- 
thrombin test of Quick, which is the most widely 
used procedure, to be the most reliable. Problems 
with this test, such as its poor sensitivity to some 
coagulation factors, the variable activity of brain 
thromboplastins, and the existing confusion in 
the reporting and interpreting of results are 
discussed at length. Advantages and disadvant- 
ages of testing capillary blood versus venous 
blood are discussed. 

Impressive statistics for the benefits of long- 
term therapy in coronary disease are presented 
by Suzman, of Johannesburg, and Wood, of 
London, for short-term therapy in the prevention 
of troublesome venous thrombus and pulmonary 
embolism in the injured patient by Sevitt, of 
Birmingham, and for long-term therapy of inter- 
mittent insufficiency in the carotid and verte- 
bral-basilar system by Millikan, of the United 
States. Fewer claims and less enthusiasm are 
given for therapy in peripheral vascular disease, 
pulmonary hypertension, and mitral valve dis- 
ease, and conflicting opinions and experiences 
are given for therapy of acute cerebral throm- 
bosis. 

The panel discussions, in general, are excellent. 
Differences of opinion and experiences are handled 
with due consideration and respect, but discussed 
frankly, with a good sprinkling of British humor. 
This report contains much practical informa- 
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tion and should be helpful to all physicians who 
are actively concerned with anticoagulant ther- 
apy. 7 


MopDERN TRENDS IN CARDIOLOGY. Edited by A. 
Morgan-Jones, M.Sc., M.B., F.R.C.P., Director, 
University Department of Cardiology, Manchester 
Royal Infirmary; Reader in Cardiology, University 
of Manchester; Consultant Physician, United Man- 
chester Hospitals. New York, 1961, Paul B. Hoeber, 
Inc., 264 pages. Price $14.50. 


With the welter of recently published books and 
monographs on cardiovascular physiology and 
disease, one might wonder how another volume 
treating of this subject could be produced with- 
out trite reiteration. Nevertheless, this volume, 
skillfully edited by Morgan-Jones, presents se- 
lected discussions of various facets of cardio- 
vascular physiology in a sufficiently different 
light to bring them into new focus. The volume 
is made up of sixteen chapters by British, Amer- 
ican, Canadian, and Swedish physicians who are 
acknowledged experts in their special fields. 
Each of the chapters has been written in terms 
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of current ideas and the shaping of problems in 
the selected fields, some of which border upon 
cardiovascular disease where their importance to 
circulatory physiology has become apparent, 
The technical aspects of investigative problems 
receive lesser emphasis. The net result is a most 
interesting collection of essays that describe, 
and clarify, various physiologic processes of in- 
terest. 

The book opens with a chapter by Bing on 
cardiac muscle metabolism. It continues in suc- 
ceeding chapters with discussions of the circula- 
tory dynamics of the left heart; pulmonary func- 
tion in heart disease, and pulmonary vascular 
resistance (presented with admirable lucidity); 
renal function, electrolyte metabolism, metabolic 
factors in the etiology of coronary disease, con- 
gestive heart failure, and certain therapeutic 
aspects of cardiovascular disease. 

This little volume should serve as a reservoir 
of valuable adjunctive information for students, 
teachers of medicine, and physicians who wish 
to broaden their grasp of many of the present 
trends in cardiovascular investigation, and cur- 
rently important concepts of cardiovascular dis- 
ease. 


On January 27, 1962, at the Mayo Memorial 
Auditorium of the University of Minnesota a scien- 
tific program will be presented in honor of the 
eightieth birthday of Dr. George E. Fahr, Professor 
Emeritus of Medicine. Papers will be read by his 
former students, and in the evening at a dinner at 
the Minneapolis Club his portrait will be presented 


to the Medical School. Dr. Howard B. Sprague, 
past President of the American Heart Association, 
will be the speaker. His topic will be: ‘‘Dr. George 
E. Fahr and His Era.” 

For further information, call or write Arthur C. 
Kerkhof, M.D., Medical Arts Building, Minneapolis 
2, Minnesota. 
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Business communications 


Business communications. All communications in regard to advertising, subscriptions, change of address, etc.. 
‘ should be addressed to the publishers 


Subscription rates. United States and Its Possessions $14.00; Canada, Latin America and Spain $15.00; Other 
Countries $15.50. Students, interns, and resident physicians: United States, Its Possessions, and Canada $8.40; Latin 
America and Spain $9.40; Other Countries $9.90. Single copies $2.00 postpaid. Remittances for subscriptions should 
be made by check, draft, post office or express money order, payable to this Journal. 


Publication order. This Journal is published monthly. The monthly issues form two semiannual volumes; the vol- 
ume index is in the last issue of the volume—in the June and December issues. 


Change of address notice. Six weeks’ notice is required to effect a change of address. Kindly give the exact name 
under which a subscription is entered, and the full form of both old and new addresses, including the post office zone 
number. 


Advertisements. Only articles of known scientific value will be given space. Forms close first day of month preceding 
date of issue. Advertising rates and page sizes on application. 


Bound volumes. The Publishers’ Authorized Bindery Service, 430 West Erie Street, Chicago 10, Illinois, will quote 
prices for binding completed volumes in buckram. 
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roper selection of fat in daily di 


Mazola® Corn Oil—Rich in polyunsaturates, lowest in saturates—ideally suited for salads and frying. 


LIQUID non-hydrogenated corn oil 
neutralizes the cholesterol-raising| 
effect of more saturated fats. 


Of all leading brands, only Mazola is pure corn oil and Mazola Margarine, made with Mazola 
corn oil, has the highest polyunsaturate-to-saturate ratio. 

Fats are essential in every diet. But some fats—saturates—elevate serum cholesterol, and 
others—polyunsaturates—lower elevated cholesterol levels. Recent research shows the ratio 
of polyunsaturates to saturates to be of value in assessing this special nutritional quality 
of the fat. 

Mazola Corn Oil and Mazola Margarine each have higher P/S ratios than any other 
leading brand (see chart at right). These nutritious, appetizing foods make it easier for the 
hypercholesterolemic patient to achieve and maintain proper fat balance with minimum diet 
changes—and they provide the entire family with fine foods everyone can enjoy. 


Dietary control is the simplest, least expensive, and a widely accepted means to lower 
serum cholesterol—and keep it that way. 


FREE OFFER! write Corn Products for pad of free diet guides incorporati’ 


the latest advances in dietary control for the hypercholesterolemic patient. - 
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CORN PRODUCTS COMPANY 


IO EAST S6TH STREET, NEW YORK 22,N.Y. 


Mazola® Margarine*—A perfect table spread—contains liquid Mazola as a major ingredient, never hardened by hydrogen. 
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Complete 


physiologic 
monitoring facilities 


SANBORN “760” EQUIPMENT FOR USE IN SURGERY » CATHETERIZATION + POST-OPERATIVE OBSERVATION + TEACHING 


SAFETY and SIMPLICITY are primary 
characteristics of this new series of 
monitoring ’scopes, indicators and pre- 
amplifiers. Protective networks, current 
limiting circuitry and low-voltage tran- 
sistorized preamplifiers are key elements 
insuring safe operation in the presence 
of explosive gases. All units are designed 
for easy, straightforward operation and 
use—by simple front-panel controls... 
clear, well-defined and well-separated 
waveform presentation on 17” scope 
screen ... orderly, uncluttered inter- 
connection of units, and signal input 
cables from patient... wide mounting 
flexibility permitting shelf, table, wall, 


MEDICAL 
SAN BOR NI 


ceiling or mobile cabinet location of units. 


FLEXIBILITY to meet specific require- 
ments is another important advantage 
of ‘‘760’’ equipment — provided by a 
choice in preamplifier types, instrument 
groupingsand locations, ‘‘expandability’’ 
by adding units later on to a few pur- 
chased initially, and remote recording 
if desired to supplement visual ob- 
servation. 


For complete details, contact your near- 
est Sanborn Branch Office or Service 
Agency, or write: Manager, Research 
Instrument Sales: 


DIVISION 
PAN Y 


175 Wyman St., Waltham 54, Massachusetts 


American Heart Journal 


/ 
| 
Ay Central 
Monitor 
| if | | System 


OO d | & 
reasons why fia 


exclusive oral Sustained Medica dine Gluconate (5 gr.) 


is better tolerated 
quinidine therapy 
in cardiac arrhythmias 


quinidine gluconate (in Quinaglute Dura-Tab S.M.) is ten times as 
soluble as quinidine sulfate — and easier on the g.i. tract. 


whereas the total daily dose of quinidine sulfate is released largely in 
the stomach, only a fraction of Quinaglute quinidine contacts gastric 
membranes — the balance being slowly released and absorbed along 
the intestinal tract. 


q. 12 h. dosage maintains uniformly effective blood levels — Quinaglute 
Dura-Tab S.M., a quinidine of choice in atrial fibrillation, flutter, premature 
contractions, auricular tachycardia. Bottles of 30, 100 and 250. 


also available: Samples and literature—write... For dosage, etc. 
INJECTABLE QUINAGLUTE 
10 cc, Multiple Dose Vials, WY N N PDR 
0.08 Gm. Quinidine PHARMACAL CORPORATION 


Gluconate per cc. 


Lancaster Ave. at 51st St., Philadelphia 31, Pa. 
*U.S. Patent 2,895,881 : 
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LESS CHANCE OF ATTACK... 


with hundreds of pellets of protection against ANGINA 


A 30 mg. Pentritol Tempule containing hundreds of pellets for 12 hour action produces 
a smooth, prolonged response. Duration, frequency, and severity of anginal attacks 
are lessened.' Angina patients showing little progress with 80 mg. daily of PETN 
tablets, have responded favorably to the smaller dose of Pentritol Tempules.? Kamil 
and Klinger report excellent results from a timed-disintegration pentaerythritol tetra- 
nitrate capsule, with nitroglycerin requirements reduced as much as 85%.3 


1. Biegeleisen, H. 1.: Clin. Med. 2:1005, 1955. 2. Roberts, J. T.: Clin. Med. 
4:1375, 1957. 3. Kamil, M., and Klinger, I.: New York State J. Med. 59:3398, 1959. 


PENTRITOL-TEMPULES 


controlled disintegration capsules 


Pentritol Tempule 
magnified 
approximately 

9 times. 


PENTRITOL —tach Pentrito! Tempule is 2 controlied disintegration capsule containing 30 mg. of pen- 
taerythritol tetranitrate in granular form. An initial dose of 10 mg. is released at once; a second dose 4 hours 
later; and a third dose 8 hours after ingestion. Thus, each Tempule affords at least 12 hours of coronary vaso- 
dilation. ACTION AND USES: Effective prophylaxis against anginal attacks. One Tempule morning and evening 
wilt provide 24 hours of effective medication, with a smooth, sustained clinical effect that has shown excellent 
results. Pentritol reduces or eliminates nitroglycerin requirements, stops or reduces frequency of anginal attacks, 
eliminates or mitigates pain, and increases capacity of physical activity. CONTRAINDICATIONS: Observe 
caution in glaucoma. DOSAGE: One Penteitol Tempule morning and evening, approximately 12 hours apart. 
SUPPLIED: Bottles of 60 and 250. Also available: Pentritol-B Tempules, with 30 mg. pentaerythritol tetranitrate 
and 50 mg. butabarbital, for 12 hours of coronary vasodilation plus sedation. 


actual size 


ARMOUR PHARMACEUTICAL COMPANY 


KANKAKEE, ILLINOIS Originators of Listica® 
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over 0 years of clinical studies 
,.and 4 years of animal studies 
have confirmed the advantages of 


Miuradon 


in short- or long-term anticoagulant therapy 


prompt, predictable, reproducible results + “leads to an initial rapid 


fall in prothrombin activity....’7 Therapeutic levels attained in 48 to 


72 hours « achieves “a rather uniform and predictable fall in pro 


thrombin activity.’ “Results are reproducible.’’s 


easy reversibility...and prompt restoration of effect + vitamin K, 


“counteracted the effect of MIRADON ina predictable fashion in 5 to 


8 hours.’’! - “The anticoagulant effect can be restored rapidly by 


remedication.”! 


even-keel” stability in maintenance therapy «“Once the prothrombin 


levels had been reduced to the therapeutic bracket, they were main- 
tained there with little difficulty on daily doses of the drug....’’ 


Packaging: Mirapon Tablets, 50 mg., bottles of 100. For complete details, consult 
latest Schering literature available from your Schering Representative or Medical 
Services Department, Schering Corporation, Bloomfield, New Jersey. 


References: (1) Lange, K., et al.: Am. Heart J. 55:73, 1958. (2) Lange, K., e¢ al.: 
Anisindione: A new improved anticoagulant, Scientific Exhibit, 106th Ann. Meet., 
A.M.A., New York, June 3-7, 1957. (3) Blaustein, A.: New York J. Med. 58:701, 1958. 
(4) Connell, W. F, and Mayer, G. A.: Canad. M.A.J. 80:785, 1959. (5) Paul, H. A., 
et al: Surg. Gynec. & Obst. 108:605, 1959. $-821 
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“but why don’t you 
tell my patients...?” 


We pharmaceutical manufacturers, over the 
past several years and in various ways, have 
been trying to tell the story of the drug indus- 
try’s role «s a member of the American health 
team, andjthus tc correct certain unfortunate 
misconceptions. And all along we have looked 
upon you of the medical profession, on whose 
good will we are so dependent, as perhaps our 
chief audience. 


But now we wonder... because so many of 
you have said to us lately, either orally or in 
writing, “Why are you telling us this? Our 
patients are the ones who really need to hear 
this story.” 


Thank you for pointing out this need; and 
for the aid some of you have already given us. 
We think we can now be of still more help in 
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answering many of the questions your patients 
are asking:— 


A good number of us have Speakers Bureaus, 
If you will designate the place and time, we 
will have an industry speaker on hand to 
address any favorite organization of yours... 
be it a civic, political, or church group; your 
local PTA; a social club, or a fraternal order, 


You have only to send a letter or post card, 
giving the particulars, to the Office of Public 
Information, Pharmaceutical Manufacturers 
Association, 1411 K Street, N.W., Washington 
5, D.C. (or phone, National 8-6435). They will 
make the necessary arrangements* (or 
promptly let you know if there’s any hitch). 


* But please try to give at least three weeks’ notice. 


American Heart Journal 
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Your Heart Patient 


and his need for nutrition -without risking fat or excessive calories 


Heart patients need the important nutrition 
of milk. Yet milk’s fat and calories have both 
posed problems. 

Now these twin risks can be removed. 
Carnation Instant Nonfat Dry Milk provides 
all the protein, calcium, and B-vitamins of 
fresh, whole milk with none of the fat and less 
than half the calories. 

For 25% more of these needed nutrients: 
Carnation Instant can be mixed over-strength 


by adding 14 cup extra crystals. This enriched 
nonfat milk is one fourth 
richer in calcium, protein, 
and B-vitamins than ordi- 
nary nonfat milk, It tastes 
delicious, with a richer 
flavor your patients will 
enjoy. And even mixed 25% 
over-strength, it costs them 
only 12¢ a quart. 


ation | 


ANOTHER QUALITY PRODUCT OF CARNATION COMPANY, LOS ANGELES 36, CALIFORNIA 
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controlled with 
Serpasil- Esidrix’ 


Photographs used with permission of the patient. 


SUMMIT-NEW JERSEY 


Hypertension and 
congestive failure 


Mr. H.V., a 61-year-old retired phar- 
macist with hypertensive arterioscle- 
rotic heart disease, was hospitalized 
in 1957 after a myocardial infarc- 
tion. Blood pressure at this time 
ranged from 176/100 to 184/106 mm. 
Hg. The patient had associated con- 
gestive failure with ankle edema 
and dyspnea. 

Serpasil-Esidrix Tablets #1 were 
added to the existing regimen of 
digitalis and low-salt diet in April, 
1959. In the first 6 weeks of treat- 
ment, blood pressure decreased 
steadily to a range of 156/80 to 
166/84 mm. Hg. Examination at the 
end of 6 weeks revealed no evidence 
of congestive failure. Neck veins 
were no longer distended; ankle 
edema was not present. 

Mr. V.’s blood pressure is now 
stabilized at a satisfactory level and 
he has had no side effects from 
Serpasil-Esidrix. He can climb stairs 
without shortness of breath; he gets 
around more easily and feels better 
generally, 


Serpasil-Esidrix combines in one 
tablet the antihypertensive and 
calming effects of Serpasil with the 
diuretic and anti-hypertensive-poten- 
tiating actions of Esidrix—for control 
of high blood pressure plus many 
complications. 

SuPPLIED: Tablets #2 (light orange), 
each containing 0.1 mg. Serpasil 
and 50 mg. Esidrix; bottles of 100. 
Tablets #1 (light orange), each con- 
taining 0.1 mg. Serpasil and 25 mg. 
Esidrix; bottles of 100. 

SERPASIL® (reserpine CIBA) 

Esiprix® (hydrochlorothiazide cisa) 
For complete information about 
Serpasil-Esidrix (including dosage, 
cautions, and side effects), see 1961 
Physicians’ Desk Reference or write 
CIBA, Summit, N.J. 2/ 2960MB 


Serpasil- Esidrix’ 


(reserpine and hydrochlorothiazide cisa) 
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WITH SPECIALLY 
DESIGNED CARRIAGE 
FOR MOBILE USE 


The ‘‘Versa-Scribe’”’ fits snuggly 
into a container which is an integral 
part of the all-metal carriage... 
no wobbling, nor danger of instru- 
ment falling off. 


Quiet, widely spaced casters pro- 
vide an unusually stable stand. 
Permits easy movement in tight 
spaces... ample storage compart- 
ment for accessories. 


The ‘‘Versa-Scribe” can be easily 
and quickly removed and inserted 
into conventional carrying case for 
use as a portable instrument. 


CAMBRIDGE The new ‘“Versa-Scribe’” Direct 
VERSA-SCRIBE Writer provides dual paper speed, 
Electrocardiograph especially valuable in measuring 
Model VSM (mobile). time intervals. 


Now more than ever is the Cambridge 
“‘Versa-Scribe” the Electrocardio- 
graph of choice. 


Send for descriptive literature 
CAMBRIDGE INSTRUMENT CO., Inc. 
Graybar Building, 420 Lexington Ave., New York 17,N. Y. 


Cleveland 2, Ohio, 8419 Lake Avenue 
Detroit 37, Mich., 13730 W. Eight Mile Rd. 
Oak Park, IIl., 6605 West North Avenue 
Jenkintown, Pa., 479 Old York Road 
Silver Spring, Md., 933 Gist Avenue 


VERSA-SCRIBE Electrocardiograph Model VS {portable}. PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 


CAMBRIDGE ALSO MAKES the Audio-Visual Heart Sound 
Recorder, Multi-Channel Recorder, Dye-Dilution Curve A M D G 
Recorder, Operating Room Cardioscope, “‘Simpli-Scribe”’ 

Direct Writer Electrocardiograph, Pulmonary Function 
Tester, Educational Cardioscope, Plethysmograph, ! 

Electrokymograph, Research pH Meter, Huxley Ultra D I A G N @) S T I C i N S T R U M E N T S 
Microtome, Pocket Dosimeter, and Lindemann-Ryerson 
Electrometer. 
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NEW! 
CARDIO METER‘ 


Developed 
in cooperation with 
Dr. K. William Edmark, Surgeon, 
Seattle, Washington 


-.» the complete Cardiac Monitor and 
Control Instrument for your Patients! 


The new AO Cardiometer combines four instruments within a single, compact unit: Cardiotachometer, 
Cardioscope, Automatic Pacemaker and Continuous Internal-External Pacemaker. This practical combi- 
nation of functions gives the surgeon, anesthesiologist or ‘clinician the most complete visual and 
audible cardiac control of the patient, plus the necessary expedient automatic resuscitative action at 
the moment of cardiac arrest. Here are some of the many outstanding features offered by this 
exceptional instrument: 


DUAL ALARM SYSTEM can be preset to sound at minimum and maximum tolerances to 

warn of asystole, tachycardia, flutter and fibrillation. 

EKG ON BUILT-IN OSCILLOSCOPE allows continuous observation of the QRS Complex 

. . gives simultaneous display of pace signa! when patient is under pacemaker control. 

DIRECT HEART-RATE READOUT in beats per minute is registered on large easy-to-see dial. 
The AO Cardiometer is a proved instrument, used for constant cardiac monitoring in more than 400 


cases of major thoracic and abdominal surgery. You will find this instrument to be worthy of your 
utmost confidence. Why not arrange for a demonstration of the AO Cardiometer as soon as possible? 


entlemen: 

American &) Optic al Please arrange demonstration of AO Cardiometer. 

| INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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ife is normal again for the hypertensive on 


Often ine only therapy needed to control blood pressure and relieve Nana 


..minimal side effects... economically priced. 


for compiete details, consult latest Schering literature available from your Schering Rep- 
resentative or Medical Services Department, Schering Corporation, Bloomfield, N.J.  s-ase 


ymptoms... potentiates other antihypertensives when used adjunctively 
trichlormethiazide 


she wakes 
refreshed 


morning dose controls 
blood pressure all day 


e® * 


her food tastes better 
(thanks to salt liberalization) 


“cardiac fears” allayed 


edema relieved (zest for life returns) 


(shopping easier) 
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THEN — postoperative analgesia meant 
lengthy immobilization with more complica- 
tions and slower recovery. 


Alvodine is the new Winthrop analgesic that is as effective as morphine in relieving post- 
operative pain. However, it allows the patient to be alert sooner, to move about sooner and 
to cooperate sooner because only rarely does it cause drowsiness or undue sedation. 
Clinical results in over 3000 patients showed Alvodine to be a real advance in the relief of 
pain—closer to “pure” analgesia than any drug yet developed. 

deCiutiis* says of Alvodine: “We believe that all surgeons and anesthesiologists will welcome 
a drug that when properly used in the postoperative period will give pain relief without so 
markedly depressing the patient that the recovery time is lengthened and the incidence of 
postoperative pneumonia and atelectasis increased.” 

With Alvodine, respiratory and circulatory depression are rare; nausea and vomiting are 
uncommon. Alvodine does not cause constipation. 

Alvodine ampuls of 1 cc. contain 20 mg. Usual adult dose: from 0.5 to 1 cc. by subcutaneous 
or intramuscular injection every four hours as needed. Also available in scored tablets of 
50 mg. for oral administration. Narcotic blank required. 


*deCiutiis, V. L.: Evaluation of Alvodine: a new narcotic analgesic, a double blind 
study, Current Res. Anesth. & Analg. 40:174, March-April, 1961. 
LABORATORIES 


Alvodine (brand of piminodine ethanesulfonate), trademark reg. U.S. Pat. Off. New York 18, N.Y. 


Before prescribing be sure to consult Winthrop’s literature for additional 
information about dosage, possible side effects and contraindications. 
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NOW— postoperative analgesia usually 
means early mobilization, faster recovery and 
fewer complications. 


mobilization 
is furthered 


with 


 \NOdine 


Brand of piminodine ethanesulfonate § ethanesulfonate 


postoperative analgesia 
and alertness 
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Protects the angina patient 
better than vasodilators alone 


Unless the coronary patient’s ever-present 
anxiety about his condition can be 
controlled, it can easily induce an 
anginal attack or, in cases of myocardial 
infarction, can delay recovery. 


This is why Miltrate gives better 
protection for the heart than vasodilators 
alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. 


Miltrate contains PETN (pentaerythritol 
tetranitrate), acknowledged as basic 
therapy for long-acting vasodilation. ... 


REFERENCES: 1. Ellis, L. B. et al.: Circulation 17:945, May 1958. 
2. Friedlander, H. S.: Am. J. Cardiol. 1:395, Mar. 1958. 8. Riseman, 


J.E.F.: New England J. Med. 261:1017, Nov. 12, 1959. 4. Russek, H. I. 


et al.: Circulation 12:169, Aug. 1955. 5. Russek, H. I.: Am. J. Cardiol. 


3:547, April 1959. 6. Tortora, A. R.: Delaware M. J. 36:298, Oct. 1958. 
7. Waldman, S. and Pelner, L.: Am. Pract. & Digest Treat. 8:1075, 
July 1957. 


Supplied: Bottles of 50 tablets. Each tablet contains 200 mg. 
Miltown and 10 mg. pentaerythritol tetranitrate. 


Dosage: | or 2 tablets q.id. before meals and at bedtime, 


according to individual requirements. CML-3639 
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What is more important—Miltrate provides 
Miltown, a tranquilizer which, unlike 
phenobarbital, relieves tension in the 
apprehensive angina patient without 
inducing daytime fogginess. 

Thus, your patient’s cardiac reserve is 
protected against his fear and concern 
about his condition; his operative arteries 
are dilated to enhance myocardial blood 
supply—and he can carry on normal 
activities more effectively since his mental 
acuity is unimpaired by barbiturates. 


Miltrate 


Miltown® (meprobamate) + PETN 


(WALLACE LABORATORIES / Cranbury, N. J. 


American Heart Journal 
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in hepatic cirrhosis 


ALDACTONE 


may prolong life...restore patients to productive capacity 


Aldactone, which has demonstrated its ability to 
relieve resistant cardiac edema and ascites, has been 
found particularly effective in relieving the edema 
of hepatic cirrhosis. 


The consistently high level of urinary aldosterone 
and aldosterone secretion rates in cirrhotic patients 
indicate that excessive production of this potent 
salt-retaining hormone is a major factor in their 
retention of.fluid. As a selective aldosterone blocker, 
Aldactone may be relied on to relieve aldosterone- 
induced edema and ascites. 


Clowdus and his co-workers' gave Aldactone to 
eight cirrhotic patients whose condition had failed 
to respond to salt restriction and conventional diu- 
retics used singly and in combination. All responded 
satisfactorily when Aldactone was added to their 
therapeutic regimen. 


In summarizing their experience with Aldactone 
these investigators state: ‘“‘Aldactone, in conjunction 
with other diuretics and dietary sodium restriction, 
produced a striking and sustained diuresis in each of 
eight patients with ascites that had previously been 
refractory to treatment.” 


Indications: Edema and ascites associated with congestive heart 
— hepatic cirrhosis, the nephrotic syndrome and idiopathic 
edema. 

Dosage and Supply: To take advantage of a highly useful syn- 
ergism and to secure immediate optimal diuresis, Aldactone should 
ordinarily be administered with a full dosage of a thiazide diuretic. 
The recommended adult dosage of Aldactone, alone or in com- 
bination, is 100 mg. four times daily. As much as 1,200 mg. may 
be given daily but will rarely be necessary. Aldactone should be 
administered cautiously to patients with hyponatremia or hyper- 
kalemia, and potassium supplementation should not be used. 
—— is supplied as compression-coated yellow tablets of 
100 mg. 

1. Clowdus, B. F.; Higgins, J. A.; Rosevear, J. W., and Summerskill, 
W.H. J.: Treatment of “Refractory” Ascites with a New Aldosterone 
Antagonist in Patients with Cirrhosis, Proc. Staff Meet. Mayo Clin. 35:97 
(March 2) 1960. 


G.D. SEARLE & CO., CHICAGO 80, ILLINOIS 
Research in the Service of Medicine 
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please care... 
hunger hurts! 


FOOD from America’s farm abundance... 
milk powder, flour, cornmeal, cheese ... is 
given to CARE by the U. S. Government, for 
relief distribution in less fortunate lands. 


FOR every $1 you give, CARE can pack and 
deliver one Food Crusade package (average, 
22 lbs.) to those who need food most in criti- 
cal areas of Asia, Europe, the Middle East, 
Latin America. 


HUNGRY children and their parents, or- 
phans, refugees, the aged and sick are reach- 
ed by distributions to needy families, or to 
schools and welfare institutions. 


PEOPLE who have never had enough to eat 
receive this food as your personal gift: your 
name and address, or that of your group, go 
with each package, to tell them you and our 
country are their friends. 


Every $ / sends 22 lbs. 


MAIL THE COUPON . . . WITH CARE 660 First Ave., New York 16, N. Y. 


YOUR DOLLARS . . . TODAY! 
Enclosed is $ for Food Crusade pack- 


ages to the needy. 


Address 


Food Crusade 
City Zone__ State 


(Make checks payable to CARE, Inc.) 
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When the rhythm is wrong... .PRON ESTYL 


FOR THE HYPERTENSIVE... 


HYPERTENSIVE 
INVALIDISM: 


headache 
dizziness 
palpitations 
tachycardia 
anginal pain 
anxiety 

organic changes 
edema 


restricted salt intake 


THE DIFFERENCE 
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| LIFE BECOMES MORE LIVABLE WHEN YOU PRESCRIBE | 


ales 


DIURIL WITH RESERPINE 


CHLOROTMAZIDE™ 


> a “wide range” antihypertensive 


° effective by itself in a majority of 
patients with mild or moderate 
hypertension, and even in many 
with severe hypertension 


« should other drugs need to be added, 
they can be given in much lower 
than usual dosage 


MORE NORMAL 
LIFE: 


hypertensive symptoms 
are usually relieved 


DIUPRES-250 

250 mg. DIURIL chiorcthiazide, 
0.125 mg. reserpine per tablet. 
One tablet one to four times a day.* 


DIUPRES-500 
anxiety and tension % 500 mg. DIURIL chlorothiazide, 
are usually allayed e 0.125 mg. reserpine per tablet. 
One tablet one to three times a day.* 
* It is essential to reduce the dosage of 
other antihypertensive agents, particularly 
the ganglion-blockers, by at least 50 per 
cent immediately upon addition of these 
agents or of Diupres Tablets to the regimen 


Before prescribing or administering 
DIUPRES, the physician should consult the 
detailed information on use accompanying 
the package or available on request. 


anginal pain may be reduced 
in incidence and severity 


organic changes may 
be arrested or reversed 


dietary sodium can 
usually be liberalized 


IS DIUPRES 
MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., WEST POINT, PA. 


DIUPRES AND DIURIL 
ARE TRADEMARKS OF MERCK & CO., INC. 
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Here are three good reasons why 


you should write 


“Raudixin” in the 


treatment of high blood pressure: 


1. Rigorous pharmacognostic 2. Safety verified by toxicity 3. Every Raudixin tablet to 


examinations eliminate sub- tests. 
standard Rauwolfia species 

and establish uniformity of 

the product. 


For full information, 


reach your patient meets the 
high Squibb standards for 
effectiveness, potency and uni- 
formity. 


see your Squibb 
Product Reference R ] ] Squibb Quali ty 
or Product Brief. 
4 i — the Priceless Ingredient 


Squibb Standardized Whole Root Rauwolfia Serpentina 
Supply: 50 and 100 mg. tablets. ‘Raudixin’® is a Squibb trademark. 


Preserve Your Journals 


With This 
Jesse Younes 
Volume File 


Specially designed and produced for Tus 
AMERICAN HEART JouRNAL, this file will keep 
one volume, or six issues, clean, orderly and readily 
accessible. Picture this distinctive, sturdy Vol- 
ume File on your book shelf. Its rich green Kivar 
cover looks and feels like leather, and the 16-carat 
gold leaf hot-embossed lettering makes it a fit 
companion for your finest bindings. 


Jesse Joues Gor Corps. (Since 1843) 


P. O. BOX 5120, PHILADELPHIA 22, PENN. 


The Volume File is reasonably priced, in spite 
of its costly appearance. It is sent postpaid, care- 
fully packed, for $2.50 each. Most subscribers 
will find it more convenient and economical to 
order 3 for $7.00 or 6 for $13.00. When ordering 
specify file for Tot AMERICAN HEART JOURNAL. 
Send check with order. Satisfaction guaranteed. 
Can be sent to U. S. and Possessions only. For 
prompt shipment, order direct from 


American Heart Journal 
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: i} ( d new calming agent with mild sedative effect 


acetophenazine dimaleate 
mtielps the cardiac or hypertensive patient slow down to the safer pace you recommend 
m controls the agitation and tension that aggravate his condition’* m calms the patient 
and helps him get to sleep more easily m relatively free of side effects’* m low in cost, 
particularly when long-term or adjunctive therapy: is indicated 


dosage: Total daily dosage may range from as low as 40 mg. (one 20 mg. tablet twice daily) to as high as 80 mg. daily. 
Generally, the most effective dosage is 20 mg. t.i.d. In those patients who have difficulty sleeping, the last tablet should 


be taken one hour before retiring. supply: TINDAL Tablets, 20 mg., bottles of 100 and 1000. 
references: (1) Hirshleifer, |.: Adjunctive therapy in cardiacs, presented at the Spring Scientific Symposium, Connecticut Acad. Gen. Pract., 
Hartford, Conn., March 16, 1961. (2) Frohman, |. P.: The Alleviation of Stress in the Elderly Cardiac Patient, ibid. (3) Kent, E. A.: Management of 
the Hyperactive Geriatric Patient, ibid. SCHERING CORPORATION - BLOOMFIELD, NEW JERSEY 


FOR YOUR CARDIOVASCULAR PATIENT...WHEN YOU HAVE T0 SAY 


now bx 
| 


of a series reporting on Endo 
Laboratories’ Anticoagulant Survey 


Immediate institution of anticoagulant therapy is now 
accepted by most physicians for the control of throm- 
botic disease affecting the veins. By inhibiting further 


These concepts of treatment are supported by the 
responses of 10,016 physicians who contributed their 
experience to Endo Laboratories’ Anticoagulant Sur- 
vey completed earlier this year. Analysis of the data 
showed that the use of anticoagulation was more often 
therapeutic than prophylactic. 


Anticoagulants 
tically | Prophylactically 


Acute Thrombophlebitis a 18.5% 
Recurrent Chronic 

Thrombophlebitis 30.4% 
Deep Venous Thrombosis 625% 21.2% 
Phiebothrombosis 20.0% 
Arterial Embolism 22.5% 
Pulmonary Embolism 25.1% 


Figures refer to percentage of physicians prescribing 
oral anticoagulants 


Specialists Lead in Therapeutic Application of Anticoagulants 


The chart below indicates the use of Coumadin—the 
most widely prescribed oral anticoagulant among both 
general practitioners and specialists—in the foregoing 
conditions. Proportionately, anticoagulation with this 
agent was employed to a greater extent by internists 
and cardiologists than by the responding general prac- 
titioners. For example, 76.9% of 2,626 specialists 
prescribing Coumadin most often used the drug thera- 
peutically in deep venous thrombosis with its associ- 
ated danger of pulmonary embolism, compared to 
56.2% of 3,092 general practitioners using Coumadin. 


Indication Practitioners ‘Specialists 
Acute Thrombophlebitis 82.5% 
Recurrent Chronic 

Thrombophlebitis 67.9% 
Deep Venous Thrombosis 76.9% 
Phiebothrombosis 66.9% 
Arterial Embolism 75.3% 
Pulmonary Embolism 84.2% 


Figures refer to percentage of physicians prescribing 
Coumadin® therapeutically 


Nationwide Survey Explores Current Use 
of Anticoagulants in Venous Thrombosis 
and Arterial Embolism 


propagation of an already formed thrombus, anti- 
coagulation helps to reduce disability and prevent 
new and potentially fatal thromboembolic episodes, 


Although anticoagulants were used less often for pro- 
phylaxis than for therapy, it is noteworthy that in 
recurrent chronic thrombophlebitis, for example, as 
high as 38.2% of the reporting specialists and 26.5% 
of the general practitioners employed Coumadin 
prophylactically. 


Anticoagulants Minimize Mortality Due to 
Pulmonary Embolism 


Through the use of anticoagulants in venous throm- 
bosis, mortality from subsequent pulmonary emboli 
“can be reduced from 18 per cent to less than 1 per 
cent.”’ Anticoagulation is an established measure of 
choice in the management of thrombophlebitis." 
Mead and Wright’ suggest that ligation be reserved 
for those cases in which anticoagulation fails to stop 
the thrombophlebitic process, since the late effects of 
ligation are often undesirable. 


Selection of Coumadin as the oral anticoagulant of 
choice offers the advantages of rapid, consistent effect 
and “predictability of dosage.’ For routine post- 
operative protection against pulmonary embolism, 
Coumadin “appears to be the most predictable and 
consequently the safest and most effective anticoagu- 
lant drug...’* Since Coumadin, the first clinically 
established warfarin sodium, is presented in paren- 
teral dosage forms for I.V. or I.M. administration as 
well as in a broad range of tablet potencies, it is the 
most versatile anticoagulant in hospital and office 
practice. 


1. Mead, A. W., and Wright, 1. S.: M. Clin. North America 45:907, 1961. 
2. Olwin, J. H., and Koppel, J. L.: S. Clin. North America 39:193, 1959. 
3. Kirtland, H. B., Jr., et al.: California Med. 92:409, 1960. 4. Belding, 
H. H.: West. J. Surg. 68:84, 1960. 


Coumadin (warfarin sodium) is manufactured under license 
from the Wisconsin Alumni Research Foundation, and is sup- 
plied as scored tablets of 2 mg., lavender; 2'/2 mg., orange; 
5 mg., peach; 7'/2 mg., yellow; 10 mg., white; and 25 mg., red, 
as well as in 50 mg. and 75 mg. single-injection units. 


Another professional service of Endo Laboratories— makers of 


COUMADIN® 


the proven anticoagulant 
for long-term maintenance 
FOR ORAL, INTRAVENOUS OR INTRAMUSCULAR USE 


ENDO LABORATORIES 
Richmond Hill 18, New York 


@Endo Laboratories Inc., 1961 
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to prevent pain and anxiety 
In angina 


For your angina patients, EQUANITRATE helps control pain and angina- 
triggering anxiety. EQUANITRATE reduces the number and severity of attacks, 
increases exercise tolerance, and lessens nitroglycerine dependence. Russekt 
reports ‘“‘The best results ...in both clinical and electrocardiographic response, 
were observed with a combination of meprobamate and pentaerythritol 
tetranitrate [EQUANITRATE] in the patients studied.” 


For further information on the limitations, administration, and prescribing 
of EQUANITRATE, see descriptive literature or current direction circular. 
7Russek, H.I.: Am J. Cardiol. 3:547 (April) 1959. 


Supplied: EQUuANITRATE 10 (200 mg. meprobamate, 10 mg. pentaerythritol tetranitrate), 
white oval tablets, vials of 50. EQUANITRATE 20 (200 mg. meprobamate, 20 mg. pentaerythritol 


tetranitrate), yellow oval tablets, vials of 50. ae 
MEDICINE 
Wyeth Laboratories Philadelphia 1, Pa. 


Baquanitrate 


Meprobamate and Pentaerythritol Tetranitrate, Wyeth 
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Here are three good reasons why 
you should write “Raudixin” in the 
treatment of high blood pressure: 


1. Biological assay measures 2. Biological assay measures 3. Every Raudixin tablet to 

the ability to produce ptosis the ability to counteract the reach your patient meets the 

in the mouse in comparison pressor effect of standard doses high Squibb standards for ef- 

with a reference standard. of epinephrine in the dog. fectiveness, potency and uni- 
formity. 


For full information, SQUIBB 
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Squibb Standardized Whole Root Rauwolfia Serpentina 
Supply: 50 and 100 mg. tablets. | ‘Raudixin’@ is a Squibb trademark. 


Changing Your Address - - - 


WHEN YOU MOVE, PLEASE: 


(1) Notify us to change your address—allow us six weeks to make the change. 
(2) Mention the name of this Journal. (We publish twelve periodicals. ) 


(3) Give us your old address. If possible, return the addressed portion of the envelope in 


which we sent your last copy. 
(4) Give us your new address—complete—including the Postal zone number. 


(5) Please print your name and address. 


Thank You! 


CIRCULATION DEPARTMENT, The C. V. Mosby Company, Publishers 


3207 Washington Blvd., St. Louis 3, Mo. 


page 32 American Heart Journal 


wy) 


American Heart Journal 


Product index to advertisers 


Aldactone 

G. D. Searle & Co. 23 
Alvodine 

Winthrop Laboratories 20, 21 
AO Cardiometer 

American Optical Company 18 


Carnation Instant Nonfat Dry Milk 


Carnation Company 15 
Clarin 

Thos. Leeming & Co., Inc. 4 
Coumadin 

Endo Laboratories 30 
Crystodigin 


Eli Lilly and Company — Fourth Cover 


Diupres 

Merck Sharp & Dohme 26, 27 
Equanitrate 

Wyeth Laboratories 31 
Gitaligin 


White Laboratories, Inc. Third Cover 


Mazola Corn Oil and Margarine 
Corn Products Company 8, 9 


Metretel 1000 
Avionics Research Products 


Corporation 6 
Miltrate 
Wallace Laboratories 22 


Miradon 

Schering Corporation 13 
Naqua 

Schering Corporation 19 
Nicalex 

Walker Laboratories, Inc. 34 


Pentritol Tempules 
Armour Pharmaceutical Company 12 


Physiologic Monitoring Facilities 


Sanborn Company 10 
Pronesty! 

E. R. Squibb & Sons 25 
Quinaglute 

Wynn Pharmacal Corporation II 
Raudixin 

E. R. Squibb & Sons 28, 32 
Rauwiloid 

Riker Laboratories 2 


Renografin 


E. R. Squibb & Sons Second Cover 


Serpasil-Esidrix 

Ciba Pharmaceutical Products 16 
Tindal 

Schering Corporation 29 
Versa-Scribe 

Cambridge Instrument Co., Inc. 17 


All possible care is exercised in the preparation of this index. The publishers are not responsible for any errors or omissions. 


EVIDENCE... 


Nicalex reduces abnormal tissue and serum cholesterol 


August 7, 1959: Patient with Familial Hypercholesteremia and 
Xanthoma Tuberosum of both elbows for 14 years. Total serum 
cholesterol: 720 mg.%. Beta-lipoprotein cholesterol: 300 
mg. %.*'? NICALEX, 2 tablets t.i.d. prescribed. No other medication. 


February 21, 1961: Clinically the xanthomata have disappeared. 
No palpable deposits. The areas are soft and not elevated. Total 
serum cholesterol: 164 mg.%. Beta-lipoprotein cholesterol: 
93 mg.%.?? NICALEX continued, 2 tablets t.i.d. No side effects 


observed. 


This case demonstrates the dramatic clinical role of 
NicaALex in reducing abnormal cholesterol levels in serum 
and tissue. According to one recent study “‘... the rapid 
visible regression of these lipid deposits [xanthomata] 
..- following reduction of serum cholesterol levels, pro- 
vides the best direct clinical evidence we may ever have 
for the resorption of atherosclerotic-like lipid deposits.’’* 


Sustained cholesterol-lowering and 
antilipemic effects—NICALEX, a newly 
synthesized salt of nicotinic acid, 
lowers serum cholesterol as well as 
phospholipid and triglyceride levels 
effectively and rapidly. Further, be- 
cause it is well tolerated, NICALEX 
can maintain lowered cholesterol 
and total lipid levels with or without 
adjunctive dietary restrictions. 


Side effects reduced —NICALEX is 
hydrolyzed uniformly in the gastro- 
intestinal tract into free nicotinic 
acid, with nascent aluminum hydrox- 
ide splitting off to provide effective 
buffering action. With NICALEX there 
is a reduced incidence of flushing and 
gastrointestinal upset. Thus, NICALEX 
provides the therapeutic effects of 
nicotinic acid, “...the most uni- 
formly effective agent...”4 in the 
treatment of hypercholesteremia, 
with a high degree of patient accept- 
ance and cooperation. 


Dosage: 2 to 4 tablets t.i.d., with or after meals. 
Each tablet contains Aluminum Nicotinate 
Walker 625 mg., a complex consisting of (approx.): 
Aluminum Nicotinate 345. mg.; Nicotinic Acid 
200 mg.; and Aluminum Hydroxide 80 mg. 
Equivalent in activity to 500 mg. Nicotinic Acid. 


Supplied: Bottles of 100 and 1,000 tablets. 


Caution: Federal law prohibits dispensing with- 
out prescription. 


References: 1. Parsons, W.B., Jr.: Arch. Int. 
Med. 107:71, 1961. 2. Parsons, W.B., Jr.: Per- 
sonal communication. 3. Taylor, C.B., et al.: 
Illinois M.J. 119:80, 1961. 4. Christensen, N. A., 
et al.: J.A.M.A. 177:546, 1961. 


NICALEX 


TABLETS Aluminum Nicotinate Walker* 
WALKER LABORATORIES, INC., Mount Vernon, N.Y. 


PAT. 2,970,082 
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“UPSET STOMACH” ON DIGITALIS 52-year old male had rheumatic heart disease, 


cardiomegaly Grade II, auricular fibrillation, mitral stenosis, mitral insufficiency, and was in class III-C. 
For 17 months he had been in failure. Three grains of digitalis daily were required for effective mainte- 
nance therapy. When the patient began to complain of frequent ‘upset stomach”, he was placed on digi- 
toxin, with an alternating 0.1 and 0.2 daily maintenance dose. Nausea became very severe after two months, 
and digitoxin was decreased to 0.1 mg. daily. Congestive failure increased and rehospitalization was 
necessary. Patient was given GITALIGIN, 0.5 mg. q.i.d. for two days, then 1.5 mg. daily for six weeks, fol- 
lowed by 1.0 mg. per day with 1.5 mg. every third day. Failure was effectively controlled without toxicity.’ 


“DIGITALIS TOXICITY IS SEEN WITH INCREASING FREQUENCY TODAY...’ 


for maximal digitalis activity with minimal toxicity 


italigin 
“t,,. patients who became toxic very readily with other agents 
could later be satisfactorily digitalized with gitalin (GITALIGIN).”* 
Wider margin of safety—frequently effective in patients refractory to 
other digitalis glycosides - broader clinical utility—therapeutic dose 


only ¥s the toxic dose + faster rate of elimination than digitoxin or digi- 
talis leaf. ( Supplied: 0.5 mg. scored tablets—bottles of 30 and 100. 


1, Dimitroff, S. P. et al.:Ann. Int. Med. 39:1189, 1953. 2. Pastor, B. H.: GP 22:85,1960. 


JTamorphous gitalin, White WHITE LABORATORIES, INC.: Kenilworth, New Jersey 


Lilly 


QUALITY / RESEARCH / INTEGRITY 


Say 


= to improve 
cardiac 
function 


CRYSTODIGIN: 


permits 
accurate dosage titration 


Since initial digitalization and maintenance dos- 
age must be carefully individualized, Crystodigin 
fulfills the important requirements of a preferred 
digitalis. Crystodigin is a crystalline-pure, uni- 
formly potent single glycoside that is completely 
absorbed in the gastro-intestinal tract. With 
Crystodigin, the maximum therapeutic effect can 
be readily obtained by dosage titration in incre- 
ments as small as 0.025 mg. 

Available in scored tablets of 0.05 mg. 
(orange), 0.1 mg. (pink), 0.15 mg. (yellow), and 
0.2 mg. (white); and in 1-cc. and 10-cc. 
ampoules, 0.2 mg. per cc. 

Product brochure available; write Eli Lilly 
and Company, Indianapolis 6, Indiana. 


Crystodigin® (crystalline digitoxin, Lilly) 
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